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EDITORIAL 
IMPROVEMENT IN OUR STOCK 


THIS YEAR many people will welcome Autumn with its sharp tinge in the air, the 
falling leaves, the mists, the frosts and the dark nights, for these things tell that one 
of the most miserable summers within living memory has spent its spite. 

Agricultural shows, those great occasions of a summer’s day, when the men of 
the countryside meet together and exhibit their stock in keen rivalry, have suffered 
severely from the inclement weather. The finances of many of the societies which 
organise and conduct these exhibitions must have been strained almost to depletion, 
for many of the spectators who usually attend and render tribute at the gate have 
preferred to enjoy the cosy comfort of the fireside rather than endure the discomforts 
of a rain-sodden field. 

One factor has not been at a discount in these dreary days. It is the quality 
of the exhibits. This has been of a very high standard and in some manner and 
regard in advance of previous years. The state of good quality has been exemplified 
best in regard to livestock. Those who are old enough to be able to cast their 
memories back over half a century have witnessed a progressive improvement in the 
quality and style of the animals of the farm. The improvement has not been confined 
to individual animals which, by the whim of nature or by man’s design, have inherited 
or acquired a grace and form above their fellows. The change for the better has 
been extended to the various species as a whole. We have been aware that over many 
years a gradual upgrading of all stock, and especially of horses, has taken place as 
a result of the efforts of a few enthusiastic fanciers who have developed and followed 
the principles of selective breeding. In recent years these methods have been applied 
to cattle on a wide scale and by means of A.I. The results have been successful to 
a high degree and there have been great changes for the better not only in the 
physical form of the animals but with regard to their physiological functions also. 
The improvements registered have not been confined to a selected few. They are 
manifest also throughout the herd. 

The changes are so obvious that they can be appreciated by any knowledgeable 
man who surveys the passing countryside through a railway carriage window. Only 
a few years ago many of the herds that one saw whilst on a cross-country journey 
were, at their best, a very “ mixed lot”. A few herds were of exceptional quality, 
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some were of poor account in this respect and many herds could only be described 
as being made up of “ scrub cattle”. Today that picture is changed. Many of the 
herds, large and small, that one sees in the fields alongside the line are of high level 
quality such as would befit a show ring. This upgrading of our cattle has proceeded 
at a rapid rate and within the compass of relatively few years. It has progressed 
in cattle more rapidly than it ever did in the case of horses, for the former have been 
influenced on a herd basis whereas in the latter natural mating has been used and 
breeding policies have been orientated around individuals. The relatively rapid mass 
improvement in the state of our cattle has been made possible only by the use of 
artificial insemination. We are now reaping the benefit. The art of A.I. is quite 
ancient and there is reason to believe that it was practised long before such things as 
sperms and ova were discovered. Until the first decade of this century A.I. was 
performed on individual cases only, and mainly in those instances when conception 
could not be achieved by normal means or there was some anatomical impediment to 
natural mating. Ivanov the great Russian scientist was one of the first to put ALI. 
to large scale biological test. His work, and especially the cinematographic illustrations 
depicting the results of his experiments on horses, created a profound impression in 
agricultural and scientific circles. The work was done before the revolution of 1917. 

In our own country A.I. was introduced to the agricultural community during 
the second world war. The project was stimulated by the exigencies of the war and 
it was launched with the object of enhancing the agricultural economy. As with 
many other new innovations it did not meet, at first, with universal approval and 
acceptance. Results are the best testimonial always, and gradually the demand for 
A.I. has increased and the number of centres and the variety of the breed of the 
bulls has been extended so that, at the present time, well over 50 per cent of our 
breeding cows undergo A.I. By the use of the telephone stock owners can now 
ensure that their cows are bred to sires which are good specimens of their breed and 
of proven merit. A good bull can make a herd, a bad bull can ruin it. 

By the use of A.I. one can infuse better physical and physiological qualities into 
a herd and these attributes can be enhanced by the same means in succeeding gener- 
ations. At first when A.I. was introduced on a major scale there were some who 
thought that outraged Nature would revolt against a method or process which was 
unnatural. There was talk of Nature’s revenge and of the dire things which might 
come in the rebound. After 15 years, during which A.I. has been practised on a 
very extensive scale, no sound evidence has been disclosed which supports these fears. 
As we look out of the railway carriage window in 1958 and see so many magnificent 
beasts in the fields it is obvious that A.I. has done great good. The quality of our 
cattle has been improved to an extent which has surpassed expectation and in a 
remarkably short period of time. The change portends that the cattle of the future 
may be all of super grade. Only the chemists can stop the advance by inventing 
wholesome nutritious and appetising synthetic beef and milk. If that should come 
to pass there will be no need to bother about improving the quality of stock. 
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MAMMARY GLAND OF A COW 


DISTRIBUTION OF THE ELASTIC TISSUE IN 
THE MAMMARY GLAND OF A COW 
by 
J. N. PRUSTY* 


Department of Anatomy, Royal (Dick) School of 
Veterinary Studies, University of Edinburgh. 


A piece of mammary tissue from a young non-lactating cow, which had been sold 
as a heifer, was received for histological study and opinion as to the genuineness of 
the virginity of the animal. Considerable difficulty was encountered in arriving at 
a correct opinion from the study of the histological appearance of sections stained 
by the routine methods. The appearance of the glandular tissue was misleading, and 
this gave the impetus to study the character of the interstitial tissue with special 
reference to the distributicn of the elastic fibres. A review of some of the available 
literature was made with the following findings: — 

Hammond (1927) obtained evidence of a progressive increase in the weight of 
the udder, with age, in the prepubescent calf due to accumulation of fatty connective 
tissue. He observed also the deposition of more and more fatty connective tissue 
with successive oestrous cycle in the virgin stage. Turner and Gomez (1936) observed 
that the udder growth in the female goat, from birth to puberty, was due to the 
accumulation of fatty connective tissue as in the case of the calf. 

Holm (1937) observed that the mammary gland of a non-pregnant heifer was com- 
posed primarily of fat tissue and connective tissue. He described dense yellow 
elastic tissue, in addition to other features, only in the interlobar connective tissue, 
‘but none in the interlobular and interalveolar connective tissue. He found yellow 
elastic tissue intimately surrounding the interlobular and interlobular ducts. Kabdebo 
(1933) found little or no elastic tissue in the interlobular stroma of a young lactating 
cow. 

Mainzer (1939) described elastic tissue causing annular folds in the upper part 
of the lactiferous ducts and creating spaces for milk which is forced through the 
elastic tissue during milking and nursing by the action of oxytocin on the smooth 
muscle fibres. Kwong (1940) described, in the mammary gland of virgin heifers, 
bands of connective tissue full of cellular elements and fibres, mostly surrounding the 
ductules in groups, and less cellular bands of connective tissue separating the abundant 
mass of fat. 

Trautmann described elastic tissue in the interlobar and interlobular connective 
‘tissue in the mammary gland of lactating cows. The parenchyma consisting of 
‘secretory tubules with alveoli, capillary nets and delicate connective tissues contained 
‘a fine network of elastic tissue. He found in addition a large amount of elastic 
tissue in the annular folds and ampullate dilatations of the larger lactiferous ducts and 
-a dense network of elastic fibres in the lamina propria of the lactiferous sinus and teat 


“sinus. 


ee 


* British Council Scholar from India. 
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At the end of the period of involution the mammary gland assumes a histological 
appearance resembling the mammary gland of the virgin though often the duct system 
is more ramified than that of the virgin gland (Turner and Reineke 1936 for the goat 
and Cole 1933 for the mouse). 

A study of the distribution of elastic tissue in the mammary gland of lactating 
and dry cows and heifers of different ages was made with the following observations. 

The mammary tissue studied was obtained from: — 

1. A maiden heifer of about 14 months old. 

2. A virgin heifer of about 24 years old. 

3. Two young lactating cows. 

4. Two young non-lactating (dry) cows. 

Paraffin sections were stained for elastic tissue by Unna’s Orcein method and 
Verhoeff’s elastic tissue stain method for comparison. 


Observations 


Mammary tissue of maiden heifer of about 14 months old (Fig. I.) 

Very few strands of elastic tissue could be found in the thin bands of connective 
tissue separating the masses of fat and glandular tissue which contained only ductules 
grouped into lobes. The fibre bands of connective tissue running in between the 
lobules did not show any elastic tissue at all. In addition it is interesting to note 
that no amount of elastic tissue could be seen even around the lactiferous sinus. 


Mammary tissue of virgin heifer of about 24 years old (Fig. IT.) 

In the mammary gland of this animal more elastic tissue could be seen than 
in the maiden heifer of 14 months old. However the presence of the elastic fibres 
still continued to be interlobar only as was the case with the latter. 


Lactating Cows (Figs. II, V, VII, VIII.) 

The amount of elastic tissue was found to be much greater than in the maiden 
and virgin heifers. Further its distribution was interlobular in addition to being inter- 
lobar. Also the wall of the interlobar, interlobular and intralobular ducts showed 
considerable amount of elastic fibres. In the wall of the lactiferous sinus the amount 
of elastic tissue was greater than in the duct. The fibres could be seen running in 
the lamina propria following the folds of the wall of the sinus which project into the 
lumen. In all the ducts the fibres appeared to be arranged in a circular manner. 
Further it is interesting to note that although the intralobular ducts showed elastic 
fibres deposited in this way, none could be seen in the intralobular or interalveolar 
connective tissue. 


Non-lactating (dry) Cows (Figs. IV, VI.) 

The distribution of elastic fibres in these animals was still more characteristic. 
Although the glandular tissue resembles that of the virgin heifers towards the end of 
the involution, the amount of elastic tissue is much more abundant. The distribution 
of fibres is characteristic. Their arrangement is quite different from that seen in the 
lactating cow. Numerous fibres could be seen not only in the interlobar and inter- 
lobular connective tissue, but also inside each lobule and around each degenerating 
alveolus. They appear to be invading into the lobules from the interlobular connective: 
tissue. 


PLATE 1 


Fie 1. Fic 2. 


: Heifer 14 months old. Mag. 26x Heifer 2} years old. Mag. 26x 

; A. Fat. A. Fat. 

d B. Elastic fibres in interlobar connective B. Elastic fibres in interlobar connective 
tissue. tissue. 


i C. Glandular tissue. C. Glandular tissue. 


Fic. 3. Fic. 4. 
Lactating Cow. Mag. 26x Non-lactating Cow (Dry). Mag. 26x 
A. Fat. A. Fat. 
B. Elastic fibres in interlobar connective B. Interlobar elastic fibres. 
tissue. C. Regressing glandular tissue. 
C. Interlobular connective tissue. 
D. Glandular tissue. 


(Article by J. N. Prusty on pages 411-413) 


PLATE 2 


Lactating Cow. Mag. 110 Non-lactating Cow (Dry). Mag. 110 i 
A. Glandular alveoli. A. Regressing alveoli. 
B. Interlobular elastic fibres. B. Intralobular elastic fibres. { 


Fic. 7. Fie. 8. 
Lactating Cow.. Mag. 110x Lactiferous sinus, lactating Cow. Mag. 52 x 
A. Intralobular duct. A. Lumen. 
B. Elastic tissue in wall of duct. B. Elastic fibres in lamina propria. 


(Article by J. N. Prusty on pages 411-413) 
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In the mammary gland excluding the teat, at all stages, elastic tissue could be 
seen in a concentrated mass around and in the neighbourhood of the blood vessels, 
in the interstitial tissue. But it was surprising that, though the amount of elastic 
tissue in the teat is much more conspicuous, the thick-walled blood vessels within 
the teat structures, showed comparatively less elastic tissue. 


Discussion 


The elastic fibres increase with the ageing of the virgin animal and show a 
significant increase in the mammary gland in the non-lactating stage. The increase 
seems to be in proportion to the increase in the amount of interstitial collagenous 
fibrous tissue elements. The amount and disposition of elastic tissue in the large 
lactiferous ducts and lactiferous sinus helps in creating collecting spaces for milk in 
the lactiferous ducts by causing annular folds, as suggested by Mainzer. At times 
the histological appearance of the mammary gland of a non-lactating cow and mature 
virgin heifer resemble each other closely. The amount of elastic tissue and its 
distribution may be taken as a guide to distinguish one from the other. 


Summary 


1, Elastic tissue is present only in small amount in the interlobar connective 
tissue of the mammary gland in heifers of varying ages. 

2. Elastic tissue is present in much greater quantity in the interlobar and inter- 
lobular connective tissue, but none in the intralobular connective tissue of the lactating 


gland. 

3. Lactiferous ducts of all types possess elastic tissue in their wall except in 
the virgin. 

4. In the non-lactating mammary gland elastic tissue is abundant throughout 
in the interstitial connective tissue. 
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AN EXPERIMENT ON BOVINE KETOSIS USING 
TWO DIFFERENT TYPES OF SILAGE 


By J. R. TODD, M. Agr., B.Sc., Dip. Agric. Sci., A.R.LC. 
Ministry of Agriculture Northern Ireland 


Veterinary Research Division, The Farm, Stormont. 


The study of ketosis or acetonaemia in cattle is rendered difficult by the fact 
that it is impossible to produce it at will in experimental animals. The condition 
arises spontaneously in high producing cows frequently within 2-6 weeks of calving 
and is much more prevalent during the winter months when the animals are stall-fed. 

Biochemical and clinical studies have led to the recognition of ketosis as one of 
the most important diseases in high producing dairy cows and Shaw (1950) has 
expressed the opinion that ketosis is probably the third or fourth most troublesome 
condition of dairy cattle in the United States. Though the mortality rate is negligible, 
lowered milk yield, production of off-flavoured milk, and loss of condition are of 
great economic importance to dairy farmers. 

The constant biochemical finding in cases of the disease is an abnormally high 
concentration of ketone bodies (8-hydroxy butyric acid, acetoacetic acid and acetone) 
in the blood, urine and milk. In most cases the blood glucose concentration is below 
normal (Shaw and others, 1953) and clinical acetonaemia is now thought to be due to 
a deranged carbohydrate metabolism. The primary clinical symptoms are loss of 
appetite and depressed appearance and the characteristic odour of acetone can be 
detected in the breath and often in the milk. There is a marked loss in body weight 
and milk yield is reduced. 

A wide range of treatments is available and two or three or more may have to 
be tried on a particular case before one is found to be effective. Messervy (1950) 
lays great stress on the repeated intravenous injection of glucose in order to help re- 
establish normal carbohydrate metabolism, and doubts if feeding molasses is of any 
value. Calcium gluconate, sodium propionate, sodium chlorate and glycerol are all 
effective in certain cases, and more recently the natural and synthetic adrenal 
corticosteroids and adrenocorticotrophic hormones have been advocated because of their 
effect of correcting the low blood glucose levels. 

In view of the seasonal incidence of acetonaemia, a dietetic origin might be 
considered obvious, but if this is the case, the causative conditions can be set up under 
a wide variety of management and feeding routines. Records have been kept of a 
large number of cases in Northern Ireland and cases have occurred on all types of 
rations from practically “all-silage” to hay and turnips. In view of this it was 
considered of practical interest to investigate a report that on a farm in County Antrim 
where two types of silage had been made in the same silo, the owner noted that cases 
of acetonaemia occurred in the herd when one type of silage (referred to as “ketogenic”’) 
was fed but none occurred when the other type (referred to as “ normal”) was fed. 
The present report deals with (a) an experiment to test this observation and (b) com- 
parison of the two silages. 


£2 PPITORE SRNRCT IH 8 ME: 


EXPERIMENT ON BOVINE KETOSIS 


Experimental Methods 

(a) Animal Experiment: The experimental design was a simple one in which six 
cows, chosen at random, were given the “ ketogenic” silage instead of the “normal ” 
silage for one week and then changed back to the “ normal” silage. The “ ketogenic ” 
silage was from a field of a grass-clover mixture and was mostly at the top of the silo. 
Its colour was greenish-brown and it was easily distinguished from the rest of the 
silage which contained little clover and was greenish-yellow in colour. The feeding 
of the silages could therefore be left with confidence to the farmer and no other aspect 
of management was changed. The roughage ration was almost entirely silage, only a 
little hay being fed each day. The concentrate mixture consisted of 3 cwt. crushed 
oats, 3 cwt. dairy meal and 4 cwt. of high protein meal which was fed to each animal 
according to her milk yield. No mineral supplements were included. 

The cows were 3rd-5th calver Ayrshire or Shorthorn types and five of them were 
in their third month of lactation. One (No. 4) had calved about two weeks before 
the experiment started. There is a history of ketosis in the herd and four of the 
animals used suffered from clinica! attacks earlier in lactation. 

Blood and milk samples were taken from the experimental animals before, during, 
and after the experimental period and milk samples were also taken from other cows 
in the herd which had histories of acetonaemia. Blood samples were analysed for 
serum calcium and magnesium by the method of Kramer and Tisdal (1921) and Fiske 
and Subbarov (1925) and ketone bodies were determined by the semi-quantitative 
adaptation of the Rothera test (Rothera 1908). Milk samples were tested at once by 
drawing about 10 ml. into a 1 oz. bottle containing about 2g. of Rothera’s powder 
(Paterson, 1945). We have shown (unpublished results) that in acetonaemia cases the 
ketone body content of the milk does not vary appreciably during milking so that 
samples can be taken at any time for the test. 

(b) Silage Analysis. Representative samples of the two types of silage were taken 
for analysis. Routine examination was carried out for colour, odour, dry matter, crude 
protein and pH. Aqueous and acetone extracts were made and absorption spectra in 
the visible and ultra-violet ranges determined. The silages were further compared by 
special techniques for determining, tota! acidity, volatile bases, amino acids, volatile 
and non-volatile organic acids and acid-excractable sugar by the methods described by 
Barnett (1954). Extracts and distillates of the silages were also tested for ketone bodies. 


Results 
The results of the ketone body estimations in the sera of the six cows are given 
in Table 1. 
TABLE 1 
Serum Ketone Body Contents of Experimental Animals during Experiment. 


Serum Ketone Body Content in mg. per 100 ml. 


Date Silage Type No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
Feb. 12th “Normal” u 0 0 0 0 30 0 
15th “Ketogenic”* 0 0 0 80 70 0 
19th a 0 20 50 150 80 60 
26th “Normal” 0 0 0 40+ 100¢ 0 
March 5th me 0 0 0 0 0 0 


*“Ketogenic” silage fed from 13th-20th February inclusive. 
Clinical cases. 
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Cow No. 1 did not have a detectable ketone titre at any time during the experiment, 
though she had clinical ketosis earlier in lactation. Numbers 2, 3 and 6 had detectable 
amounts after one week on the “ ketogenic” silage, which disappeared within a week 
of the change of diet to the normal silage with no other treatment. All these cows 
calved in December and Nos. 2 and 6 had had clinical ketosis early in January. Cow 
No. 4 started off with a normal serum ketone body level and during the feeding of the 
“ketogenic ” silage developed a high level of ketone bodies without showing marked 
clinical symptoms. Clinical symptoms developed later and she responded to treatment 
by the practitioner. This cow had her third calf two weeks before the experiment 
began and, though she had never had ketosis in her earlier lactations it is possible that 
she would have developed clinical ketosis without any change in diet, as 2-3 weeks 
after calving is the most common time for acetonaemia to develop. Cow No. 5 had 
her 5th calf two months previously and had an attack of ketosis about one month later. 
She responded to treatment and at the time of first sampling the farmer was unaware 
of a ketosis. This may, however, have been the beginning of a relapse, and the 
experimental treatment may not have been involved in the clinical ketosis which later 
developed. However, even omitting this animal, the overall picture was that four out 
of five cows developed an abnormal amount of serum ketone bodies during the feeding 
of the “ ketogenic ” silage. 

During the experiment, milk from other cows in the herd, which had histories of 
ketosis and which were maintained on the normal silage throughout, were tested for 
the presence of ketones. Only one animal showed the presence of ketone bodies and 
there were no clinical symptoms. 

Blood calcium and magnesium levels of the experimental animals remained within 
the normal ranges throughout the experiment. 


Silage examination: 


No ketone bodies were detected in extracts or distillates of either silage. 
The comparison of the two types of silage by the normal routine methods are set 
out in Table 2. 


TABLE 2 
Comparison of “ Ketogenic ” and “ Normal ” silages. 


“Ketogenic” “Normal” 

Colour ee sie ae Olive green-brown Greenish yellow 
Odour gk oe wee Slight protein decomp. Slightly sour 
Dry Matter Content es 17% 24% 

Crude Protein (Fresh Basis) 3.34% 4.63% 

55 a (D.M. Basis) 19.37% 19.32% 
pH. ... mi x. se 5.27 4.15 

Commert ... es a (D.M. rather low (High D.M. 

(High protein (High protein 


It will be noted from Table 2 that though the “ketogenic” silage contained 
clover, the protein contents, expressed as percentages of dry matter, were almost 
identical, The main differences were in the pH values—the “normal” silage being 
considerably more acid than the “ ketogenic ”—and in dry matter contents. 

The results of more detailed analyses are set out in Table 3, 
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TABLE 3 
Comparison of Silages by Special Techniques. 


“Ketogenic” “Normal” 
Total Acidity se AG ee ids re aay we = 3.22%T 3.84% 
Volatile Bases Aue aes Se yee aie dea a 1.24%T 0.71%T 
Amino Acids oa ‘ae se wa aa ‘inl ive 0.30% 0.58% 
Volatile Organic Acids ... aed “es waa “Cr Sas 3.22% 2.96% 
Non-volatile Organic Acids wee ‘a3 ere ae sus Nil 0.88% 
Sugar obtained by acid extraction ee wes sie .. 10.0 9.2 


(as percentage of dry matter) 


+ Expressed as percentage lactic acid in fresh silage. 


The absorption spectra of the extracts of the two silages showed almost identical 
curves, the only difference being an absorption peak of low intensity at 275 my in the 
acetone extract of the “ normal ” silage which was not present in that of the “ ketogenic ” 
silage. 

Discussion 

The results in Table 1 show that the feeding of the “ketogenic” silage 
produced an increase in the serum ketone bodies in all but one of the six cows, although 
it cannot be stated categorically that it produced the two clinical cases. However, as 
only one of more than 30 other cows in the byre showed ketones in the milk at this 
time it seems logical to conclude that something in the “ketogenic” silage was 
responsible. 

The silage did not contain ketone bodies so that direct absorption of ketones into 
the blood stream was not the cause. The “ ketogenic ” silage contained less dry matter 
than the “normal” silage so that the change over could have resulted in a slightly 
lower dry matter intake. Starvation results in ketone bodies appearing in the blood 
serum but it seems improbable that this was the explanation in this case, as the drop 
in dry matter would only have been a few pounds and could not be considered as 
starvation. Changing from one diet to another can cause indigestion in the ruminant 
until the microflora of the rumen becomes adjusted to the new diet, and results in 
what is tantamount to a starvation ketosis. In this case it is doubtful if changing from 
a grass to grass-plus-clover silage could be regarded as a change in diet, and even if 
this were the case, after a period of feeding on the “ ketogenic ” silage, changing over 
to the “normal ” silage would have caused’ a similar ketosis, so that the owner would 
not have associated the acetonaemia with one type of silage. 

Another possibility is that the “ ketogenic ” silage was actually responsible for the 
appearance of ketone bodies in the blood of the cows, The “ ketogenic ” silage had. a 
high pH (Table 2) and, as lactic acid is the acid mainly responsible for the lowering 
of the pH of silage, this is consistent with the fact that no lactic acid (non-volatile 
organic acid fraction, Table 3) was found in this silage. The absence of lactic acid is 
indicative of a low temperature of fermentation, resulting in the predominance of 
acetic and butyric acids in the silage. Both of these acids give rise to ketone bodies in 
the rumen (Pennington, 1952), and Johnson (1955) has shown that, when administered 
orally to goats, both cause a lowering of blood glucose levels and an increase in blood 
ketone bodies, the effects of butyric acid being more marked than those of acetic acid 
in each case. The work of Buchanan et al (1943) and Phillipson (1947) suggests that 
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metabolic pathways exist for these acids to enter the carbohydrate cycle, but from the 
experiments of Johnson (1955) and Jarrett and Potter (1950) it would seem that the 
normal route is via the cycle of fat metabolism with the consequent production of 
ketone bodies. Butyric acid is the predominant acid in under-heated silage, and from 
the above considerations, the feeding of such silage would be expected to increase the 
ketone body concentration of the circulating blood. As reported by Talsma (1953) 
Dutch workers have, in fact, associated high concentration of butyric acid in silage with 
ketosis of cattle. . 

The disappearance of ketone bodies from the blood of three of the cows on 
replacing the “ ketogenic” silage by the “normal” silage can be attributed to the 
different fermentation products, Determination of the different volatile organic acids 
would have been very valuable, but even without this information, the probable course 
can be outlined. On ingestion, lactic acid may be either absorbed directly into the blood 
stream where it acts as a glucose precursor (i.e. non-ketogenic), or it may be metabolised 
by the rumen flora. Elsden et al (1945-6) and Phillipson (1947) have shown that 
butyric acid amounts to only 10-15% of the fatty acids produced in the rumen, so 
that, whatever its fate, the ketogenic properties of lactic acid would be much lower 
than those of butyric acid. The “ normal ” silage would therefore not be expected to be 
ketogenic, as it had a high content of lactic acid. 

Though in an experiment of this nature, it is impossible to draw definite conclusions, 
the fact that the production of ketosis (with possibly two clinical cases) during the 
experimental feeding period, can be explained, on theoretical grounds from the 
analyses of the silages, is strong circumstantial evidence in support of the theory that 
silage quality is concerned. Also when it is remembered that this investigation was 
undertaken because of the association of type of silage with clinical cases of ketosis 
occurring in the herd, it becomes more difficult to avoid the conclusion that the 
“ ketogenic ” silage was actually responsible. However, there is a history of acetonaemia 
in this herd, so that other factors are undoubtedly concerned and it may be that, by 
itself, the type of silage is not important, but that, in a susceptible herd, and in 
conjunction with factors as yet unrecognised, the feeding of silage of high butyric acid 
content and low lactic acid content may tip the metabolic balance towards ketogenesis 
to such an extent as to precipitate clinical cases. 


Summary 


1. An experiment is described in which changing six cows from a grass silage 
to a grass and clover silage for one week resulted in an increase in the blood ketone 
body content of five of them. Two clinical cases developed. In the remaining 30-odd 
cows in the herd which remained on the grass silage, only one milk ketone body titre 
was detected. 

2. Low temperature fermentation in the grass and clover silage, resulting in a 
predominance of butyric and acetic acids with no lactic acid, is suggested as a possible 
explanation. 
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RABIES AFTER INOCULATION 
by 


L. A. P. BRITO BABAPULLE, B.Sc.(Lond.), M.R.C.V.S., D.T.V.M.(Edin.) 
Department of Comparative Anatomy, University of Ceylon. 


A male Crossbred, Black Labrador Retriever, aged 11 years was inoculated with 
emulsified calf-brain fixed rabies virus in the month of February. The dog had been 
vaccinated against distemper as a puppy, but no proper records of this were found. 
More than 24 years previously it had a simple fracture in the upper third of the right 
femur; it was set and healed uneventfully. In October of that year the dog went for 
a run in the garden and came back lame in the left fore-limb which it carried 
in a painful manner. Minor abrasions were noted and the area just below the elbow 
joint was swollen and tense. Hot-fomentations were applied and about a week later 
slightly purulent sero-sanguinous fluids exuded from some wounds on the medial and 
lateral aspects of the upper thirds of the fore-arm. 

The dog was seen by veterinary surgeons and antibiotics Penicillin and Strepto- 
mycin, were injected and applied topically. The lesions did not heal and in December 
of that year two veterinary surgeons of the Colombo Municipality were consulted and 
because of the granulomatous nature of the lesions they decided to incise and cauterise 
them with silver nitrate until a scar was formed. Smears from the lesions showed 
staphylococci and streptococci and saprophytic organisms. The condition did not 
improve and in January, that is one month later, the chemical cauterisation was repeated 
and 2 per cent. Flavine, in a saturated solution of Mag. Sulph. with glycerine, was 
applied as a hot dressing, daily. Probing the lesions revealed that the lateral lesions inter- 
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communicated and that one tract sank into the bone marrow of the radius and that 
the medial lesions were free of connection with the lateral ones. The treatment continued 
for 5 days and scar formation appeared to be taking place, so that after a further 
4 days of treatment the dressings were stopped. Within 2 days the owner came back 
with the dog as all the lesions had opened. Local application of hot antiphlogistine 
and daily irrigations of 400,000 units Seclomycin (Glaxo) into the sinus tracts were 
made and the intercommunication of all the medial and lateral lesions were then seen 
to be from the one focus in the bone. Even with the octeomyelitis there was no 
pryexial reaction during the 4 months of treatment. 

The writer then saw the dog and an X-ray was taken and a bland topical dressing 
was applied; this was made from Calendula Radiolaria, the Marigold plant (Nat. Ord. 
Compositae), a 23 inches tall full-flowering and budding plant being infused with 2 
pints of water, and simmered down to 4 pint to which one ounce of absolute alcohol 
was added as a preservative; 5 c.c. of this alccholic infusion with glycerine were injected 
into the tracts. The X-ray films showed the presence of the sinus tracts. In one week 
the wounds dried completely. The lameness was nearly gone although it was subse- 
quently observed, at infrequent intervals, up to 8th March. Nearly 2 weeks later, on 
25th March, the dog developed masseter paralysis and a tentative diagnosis of dumb 
rabies was made. The dog died 4 days later and the head was sent to the Medical 
Research Institute. The microscopic test for rabies were negative but the biological 
test on rabbits gave a positive result. Those who handled the dog underwent a course 
of Pasteur treatment. 


Discussion 


This case, taken in conjunction with several others, shows that local brain emulsion 
vaccine is effective against rabies for periods up to about 9 months and not more. 
Dogs which develop rabies and have been inoculated previously with brain-emulsion 
vaccine very often develop the dumb form of rabies and not the more deadly furious 
form. 

Dogs immunised with avianised rabies virus behave in this fashion; the vaccines 
are not the cause of the rabies, but this type of the disease develops in those dogs which 
have been bitten by rabid dogs and have also been vaccinated. The original findings 
of Pasteur that the period of incubation of rabies may be up to 2 years is becoming 
evident in the experience of the writer, because the dumb form of rabies has occurred 
in vaccinated dogs at periods of 6, 7, 9, 11 and 13 months after vaccination. I assume 
that the dogs must have been bitten by a rabid anima! but without the cognisance of 
the owners. 

The effectiveness of the simple Marigold infusion is demonstrated in cases of 
osteomyelitis. 
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COMPARATIVE STUDY OF AGGLUTINATION 
TEST FOR BRUCELLOSIS 


by 
A. Q. KHAN 


Veterinary Research Officer, Veterinary Research Laboratory, 
Department of Animal Production, Khartoum, Sudan. 


In a country like the Sudan where laboratory facilities are not within easy reach 
of cattle rearing areas, the need for a rapid field test for the diagnosis of Brucella 
infection cannot be over-emphasised. An animal may be infected and spread the disease 
before signs and symptoms are observed; infection as judged by the agglutination test 
may be rife in a group of cattle in the Sudan without cases of abortion and this is a 
constant danger to attendants and milk consumers. The present study is to find out 
how methods which could be employed in the field would compare with the classical 
tube agglutination method. 


Materials 


Antigen. This was prepared from a strain of Br. abortus isolated from the Sudan 
and found to give good growth under aerobic conditions. For the long tube test, the 
antigen was prepared and standardised by methods similar to those employed by the 
Weybridge laboratory and described in W.H.O. monograph series (1953.); for slide 
agglutination a concentrated antigen a hundred times stronger than the one used for 
the tube agglutionation was made in 0.5 per cent phenolsaline. 


For whole blood slide agglutination test the concentrated antigen was mixed 
with 1 per cent of crystal violet in the ratio of 9 parts of antigen to 1 part of dye 
solution. 


Sera. These were prepared under field conditions by leaving the bloods to stand over- 
night on the bench and the sera then separated. The clear sera were then despatched 
to the laboratory by air and immediately placed in a refrigerator before testing. 
Blood. This was collected in citrate solution and despatched to the laboratory by air. 
It was tested within one day of receipt. 


Methods 


Tube Agglutination Test. The orthodox method was used. Dilutions were made 
from 1/20 to 1/320 and incubation was at 45°C, 37°C, and at room temperature which 
at the time of test (April) was 26.5°C. Results were read against an illuminated 
black back-ground after 20 hours incubation. A sample was taken as positive if there 
was 50 per cent. agglutination in 1/40 or above, doubtful if there was 50 per cent. or 
more agglutination in 1/20 or 25 per cent. in 1/40. No agglutination in any dilution 
or less than 50 per cent. in 1/20 was treated as negative. 

Serum and blood slide agglutination tests were made by mixing one drop of 
serum or blood with a drop of its respective antigen on a slide and the results were 
read after rocking the slide for 3 minutes, 


422 THE BRITISH VETERINARY JOURNAL 


Results 
One hundred samples of serum were tested by tube agglutination at 45°C, 37°C, 


and room temperature. Results are compared in Table I. 


TABLE I 
Effect of Temperature on Agglutination Results 


Results 
Temp. of Incubation Positive Doubtful Negative Total 
Room Temp. ... ae Ne ss ae Be 69 16 15 100 
B7°G.  .:: oe nee ae See = — 73 15 12 100 
ee oe ms - Sic sis see a 11 12 100 


The results indicate that incubation at Khartoum (Sudan) room temperature tends 
to decrease the sensitivity and incubation at 45°C. tends to increase the sensitivity of 
the test when compared with incubation at 37°C. This is also shown by the fact that 
the titres of the sera were usually highest at 45°C. and lowest at room temp. incubation. 


In order to find out how the two slide tests compared with the tube tests at 37°C. 
and 45°C., groups of 125 and 357 samples were examined. The results are shown 
in Tables II and III. 

Results in both Tables show that the number of positive samples was about equal 
whichever technique was used, but that the tube technique was superior for indicating 
the doubtful samples. 


TABLE II 
Comparison between Slide Agglutination Tests and Tube Agglutination Test, 
Incubating Tubes at 37°C. 


Results | 


Type of Agglutination Positive Doubtful Negative Total 
Tube Agglutination at 37°C. ae sea eds 73 15 37 125 
Serum slide Agglutination ... os Sar aoe 74 3 48 125 
Blood slide Agglutination ... she ee ne 75 1 49 125 


TABLE III 


Comparison between Slide Agglutination Test and Tube Agglutination Test, 
Incubating Tubes at 45°C. 


Ze Results 

Type of Agglutination Positive Doubtful Negative Total 
Tube Agglutination at 45°C. ee a 3.  a95 29 133 357 
Serum slide Agglutination ... ae we ee SS, 8 156 357 
Blood slide Agglutination ... avs aes .. 196 2 159 357 


This point is further confirmed by the results in Table IV where the distribution 
of slide positive samples is shown in a total of 195 sera grouped according to their 
titres by the tube test at 45°C. and also by Table V in which test was at 37°C. 
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TABLE IV 
Grouping of Sera according to the Titre found by Tube Agglutination, Incubating 
Tubes at 45°C, and Comparison between the Sera of each Titre Group by Various 
Methods of Agglutination. 


Titre® No. of Sera Reacting Positive by Slide Agglutination 
to Tube Agglutination Blood Agglutination** Slide Agglutination** 
1/20 or less 163 5 6 
1/40 15 12 10 
1/80 17 16 16 
1/60 or more 163 163 161 
Total Positive 195 196 193 


*Titre is according to the tube agglutination at 45°C. 


**Undiluted blood or serum was used. 
The efficiency of the slide tests approaches that of the tube as the titre of the 


samples under test rises above 1/40, but the discrepancy is well marked when the 
titre is less. Some of the sera showed prozone phenomena by the tube test. 


TABLE V 
Grouping of Sera according to the Titre found by Tube Agglutination, Incubating 
Tubes at 37°C and Comparison between Sera of each Titre Group by Various 
Methods of Agglutination. 


Titre® No. of Sera Reacting Positive by Slide Agglutination 
to Tube Agglutination Blood Agglutination** Serum Agglutination** 
1/20 or less 52 5 5 
1/40 6 4 5 
1/80 21 20 18 
1/60 or more 46 46 46 
Total Positive 73 75 74 


*Titre is according to the tube agglutination at 45°C. 
**Undiluted blood or serum was used for the slide agglutination test. 


Discussion 


Feinberg and Wright (1951) using 6 positive sera compared the effect of various 
temperatures on agglutination in case of cattle brucellosis. They obtained nearly 
identical final titres after incubation at temperatures of 24, 37, 45, 53-56°C. These 
results do not conform with the observations herewith recorded in which a comparison 
has been made of the effect of three temperatures (30, 37, 45°C.) on titres of a total 
of 100 serum samples. These results which are shown in Table I and in Table VI 
show the beneficial effect of the higher temperatures. 


TABLE VI 
Effect of Temperature on Titre of Cattle Brucellosis Sera. 
Agglutination Titre 
Temperature 1/20 or less 1/40 1/80 1/60 or more Total Tested 
Room Temp. 31 13 18 38 100 
37°C. 27 7 20 46 100 


45°C. 23 8 11 58 100 
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Gwatkin (1923) indicated the practicability of the rapid test in Bang’s Disease 
and others have pointed out the advantages of the test and have standardised the 
methods (Huddleson and Carson, 1926; Leenhard and Kitselman, 1928; Huddleson 
and Abell, 1928; Palmer and Baker, 1928; Donham and Fitch, 1933; etc.). Huddleson 
et al utilised the test using blood for diagnosing the disease in pigs. 

Welch and March (1935) used a stained antigen and citrated blood for a rapid 
test in cattle and found it as dependable as the standard tube test. Similar results 
were also obtained by Rotomaski and Wianiowski (1955) who used a drop of 0.25% 
citrate to a drop of blood on the slide before adding one drop of antigen. 

In the present work citrate was added to the blood at the time of collection and 
not at the time of the test owing to the disance of the herds under test from the 
laboratory. 

The test tube method at Sudan room temperature (30.3°C.) can be used after the 
frankly positive serva have been determined by the slide test; this serves to sort out the 
doubtful ones (see Table VII). 


TABLE VII 
Comparison between Slide Agglutination Tests and Tube Agglutination Test, 
Incubating Tubes at Room Temperature. 


Type of Agglutination Total No. of Results 
sera tested Positive Doubtful Negative 
Tube Agglutination at Room 
Temperature, i.e. 30°C. 100 69 16 15 
Serum Slide Agglutination 100 74 3 23 
Blood Slide Agglutination 100 75 1 24 


From the results above it may be said that the blood agglutination test may be 
used for preliminary survey and control purposes. It is likely to miss some of the 
weakly positive sera and the classical tube agglutination test should be taken as the 
final test before declaring a herd negative. 


Summary 

1. Slide agglutination gave equal results to that of the tube agglutination when high 
titred sera were tested, but the rapid methods missed a few of sera which were 
weakly positive by tube agglutination. 

2. Incubation at 45°C. gave higher titres than at 37°C. with cattle brucellosis sera. It 
is also noted that incubation at 37°C. resulted in higher titre than at room temp. 
(average Temp. 30.3°C.) 

3. Blood slide agglutination may be used for survey purposes. If it is supplemented 
with tube agglutination tests of the negative sera, at room temperature, the method 
may be used to detect positive and doubtful cases. Animals may thereby be 
segregated before laboratory facilities are available. 
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ISOLATION OF A VIRUS FROM THE BRAIN OF 
A HORSE WITH “STAGGERS” IN NIGERIA 
By 


J. S. PORTERFIELD, M.D.,' D. H. HILL, D.V.M. (Toronto)’ and 
A. D. MORRIS, M.R.C.V.S.° 


The name “ Staggers” has been used of recent years to describe a highly fatal 
disease of horses in Southern Nigeria characterised, predominantly, by nervous 
derangement. In view of the isolation in 1956 of what appears to be a new virus in 
horses, from the brain of a horse suffering from “ Staggers” in Ibadan, the authors 
have considered it of sufficient interest to make a preliminary report on this case. Only 
a very brief review of other cases of “Staggers” will be given here, however, as it is 
intended, at a later date, to give a more detailed description of this disease. 

“ Staggers” resembles, in varying degrees, apoplexy, sporadic meningo- 
encephalitis, meningo-encephalomyelitis, rabies, and other nervous disorders of horses, 
of known, or unknown aetiology. 

A form of “ Staggers” said to simulate “ grass sickness’ was first described in 
the Annual Report of the Veterinary Department, Lagos Colony (1947-48). The disease 
may have been observed, although not recognised, in Lagos, as early as 1945, however, 
as the brains of five horses and a donkey, were received for examination for rabies 
by the Chief Pathologist, Government Laboratories, Yaba, from 1945-50. Only one 
of these, the donkey brain, was positive for rabies, in 1950 (private communication, Chief 
Pathologist, Yaba), (Cannon, 1958). It is quite probable, therefore, that some of the 
other brains were from horses suffering from “ Staggers ”. 

Local opinions vary as to the distribution of the disease in Nigeria. In Southern 
Nigeria a disease resembling “ Staggers ” has been known to families of horse owners, 
probably for several generations. Although some horse owners do not agree, the 
general concensus is that the disease does not exist in other parts of Nigeria and the 
Cameroons. Official reports of cases of “ Staggers” have, however, been received from 
Ghana (Brewster, 1957). 

1 Member of Scientific Staff, National Institute for Medical Research, Mill Hill, London, N.W.7, 
lately seconded to the West African Council for Medical Research Laboratories, Yaba, Lagos. 


2 Senior lecturer in Animal Husbandry and Health, Faculty of Agriculture, University College, 
Ibadan. 


3 Veterinary Officer, Western Region, Ibadan, Nigeria. 
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No positive proof of the cause, or causes of “ Staggers” has yet been submitted. 
Until the isolation of a virus from the horse brain in the case about to be described 
in this paper, previous attempts to isolate a possible causative organism have failed. 
Chemical analyses for alkaloids, glycosides, selenium, and metallic poisons have also 
been negative. Gladioli corms (Gladiolus unguiculatus syn. Antholyzia sudanica) given 
per rectum as a purge and vermifuge for horses have been incriminated (Brewster, 
1955), but no definite proof that these contain any substances toxic for horses has 
so far been put forward. There is also a common belief among Nigerian horse 
owners, that contamination of drinking water and streams with the roots, or pods of 
the “ Afon ” (Yoruba) tree (Treculia africana) may cause “ Staggers”, but the authors 
have found no real evidence to support this belief. Others suggest that there may be 
some toxic substance occasionally present in guinea corn (Sorghum vulgare) in the 
diet. 

There appear to be two forms of “ Staggers”, a blind or frenzied form, and a 
dumb or comatose form. Race horses, polo ponies and hacks are affected. No marked 
seasonal incidence of the disease has so far been observed. 


Blind “ Staggers ” 


The animal appears in normal health immediately before the onset of symptoms. 
These may take the form of severe epileptiform fits, or there may be initially only 
mild fibrillar twitchings of the ears and periodical, generalized, tetanic muscular 
contractions, followed later, by epileptiform fits. At the onset of a fit, the neck 
extends, the head is raised, the lips are unilaterally or bilaterally drawn back, the 
eyelids quiver and the pupils dilate. Locomotor ataxia is pronounced, the hind legs 
first appearing partially paralysed. Breathing may be stertorous, particularly during 
severe convulsions and ending with a sob-like sound. Trembling occurs over the 
whole body and sweating is profuse. During epileptiform fits the unrestrained animal 
may fall down and remain helpless, or it may plunge into objects in its path, or 
attempt to clamber out through any opening in the stable. At times it will stand with 
the head pressed into the wall, as is sometimes seen in acute meningo-encephalitis. 
The first attack usually passes off in a few minutes and the animal may eat and 
drink and appear almost normal until the onset of the next attack, In very acute 
cases, however, the animal collapses and fails to recover after the first attack. 

Sight may be unaffected, or vision may appear impaired or lost either from the 
onset of the first fit, or at a later stage. Hearing may also be impaired, although in 
some cases a response to voice, or other sound, may be indicated by twitching of 
the ears, even when the animal is moribund. As the attacks continue, posterior 
paralysis is intensified and finally spreads over the whole body. Jaw movements and 
swallowing, however, are sometimes impaired before paralysis has become generalized. 
Skin sensation appears lost, first in the hind legs and later over the whole body surface. 
Involuntary defaecation and micturition do not normally occur until the terminal 
stages. The temperature rarely rises above 102.5°F. In some cases, the pulse may be 
full and bounding during attacks, finally becoming weak and thready. In other 
cases, however, the pulse appears little affected until the very terminal stages when it 
becomes almost imperceptible. 
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Dumb or Comatose “ Staggers” 


In this form the onset of symptoms may be heralded by a sudden spasm over the 
whole body, hyperaesthesia and locomotor ataxia, or simply, by drowsiness. Impairment 
of vision or complete blindness may occur. Wild charging and frenzies are absent. 
Paralysis in dumb “ Staggers” also begins in the hind legs and gradually spreads 
over the whole body. Although drowsiness and paralysis become intensified as the 
disease progresses, the animal usually remains sensible and if roused, will make 
abortive attempts to rise or to turn the head in the direction of a sound. 

In both the frenzied and the dumb forms death usually supervenes in 24-48 hours, 
although more acute cases, with death occurring in 12 hours, or protracted cases, lasting 
for several days, are on record. Mortality at Ibadan has been 100 per cent. for about 
15 recorded cases, but during the last two years a milder form of what may be the 
same disease, in which recovery occurs, has been reported from Lagos. For the most 
part, however, “ Staggers” is considered to be a highly fatal disease of horses. 

Several forms of treatment have been tried, including the use of antibiotics and 
sulphonamides, sedatives and hypnotics, intravenous therapy with glucose and calcium 
gluconate, detoxifiers, anti-histamines, bleeding and blood transfusions, but all to no 
avail, 

Lesions. Gross pathological changes are very variable. In some cases visible 
lesions are slight or absent, while in others acute inflammatory changes are observed 
in various tissues and organs. The extent of the lesions do not necessarily bear any 
relation to the form or severity of the case concerned. Where lesions are present, 
these include varying degrees of tissue oedema, pleuritis, peritonitis, serous, or sero- 
sanguinous exudates into the bedy cavities, hyperaemia and haemorrhages under the 
serosa and varying degrees of gastritis and enteritis, degenerative changes in the 
kidneys, pyelitis and cystitis are sometimes seen. Gross lesions in the brain, other 
than for occasional slight oedema or hyperaemia, have not been observed. 

Marked histopathological changes, excepting those accompanying the gross changes 
mentioned above, are absent or indefinite. Encephalitis or meningitis have not been 
observed in any of the brains examined by the authors for “ Staggers” in Nigeria. 

The following case history describes a case of frenzied “ Staggers” in an aged 
male horse, presented at the Veterinary Department Clinic, Ibadan, on the evening 
of 24th May 1956. It was from the brain of this horse (Horse 28) that the virus to be 
described in this paper was isolated. 

Symptoms. 24.5.56. On arrival at the clinic the animal showed only general 
signs of uneasiness. Colonic and caecal movements were slow. There was slight icterus 
of the conjunctiva (apparently present for several months previously). Temperature 
was 101°F. A tentative diagnosis of colic was made. Treatment—1 ounce terebin- 
thinae in 1 pint linseed oil. 

25.5.56: 06.45 hours. Uneasiness more apparent. No defaecation or urination. 
Temperature 100°F. “ Staggers” was considered a possibility at this stage. Treat- 
ment—100 ml. Phenergan, 23.6 per cent. N/V solution (May and Baker) intra- 
muscularly. Attempts at intravenous injection of calcium borogluconate solution were 
strongly resisted and efforts to restrain the animal produced the first signs of frenzy. 
14.00 hours. Temperature 101°F. One or two mild frenzies had occurred by this 
time. No defaecation or urination. Treatment 100cc. Phenergan intramuscularly. 
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19.00 hours. Attacks of frenzy more prolonged and severe and aggravated by the 
approach of strangers. Temperature 100.4°F. Treatment—1l0 ml. Phenergan intra- 
muscularly. 

26.5.56: 06.30 hours. No faeces or urine voided. It was quite impossible to 
attempt to back-rake at this stage as the animal was unapproachable by anyone except 
its regular attendant. Treatment—2 injections of 10 ml. each of Phenergan at 
06.30 and 14.00 hours. After this the animal became completely unapproachable. 

27.5.56. Death supervened in the early hours of the morning. 

Lesions. Apart from mild hydropericardium and considerable fibrosis and calcified 
nodules in the liver there were no other macroscopical changes. Histopathological 
changes in the liver showed advanced cirrhosis and the presence of calcified parasites 
in the portal tracks. There were no observable histopathological changes in the brain. 


Isolation of a Virus from the Brain of a Horse 


Portions of the brain of horse 28 were transported to Lagos in a vacuum flask 
containing wet ice. A ten per cent. brain suspension was prepared in 0.75 per cent. 
bovine albumin solution and adult and infant mice were inoculated by the intracerebral 
and intraperitoneal routes. The remainder of the brain was then stored at -20°C. 
Of twelve mice inoculated intracerebrally, ten sickened and died and two were killed 
for further passage or for histological examination. None of the 36 day old mice 
inoculated intraperitoneally became sick, but three out of six four-day old mice became 
ill after inoculation by this route. Serial intracerebral passage was carried out in 
adult and infant mice. 

Cultures of mouse brains were bacteriologically sterile. It was found that the 
agent readily passed through a 0.66 » gradocol membrane and that centrifugation at 
18,000 G. for 20 minutes failed to sediment all the infective particles, although the 
titre of the supernatant fluid fell from 10-** to 10-°* per 0.03 ml. In another 
experiment the agent passed through a 0.23 » membrane filter, but was retained by 
a membrane having an average pore diameter of 0.16 1. 

These findings indicate that the agent recovered from the brain of horse 28 is a 
virus which may be placed in small to medium range. Confirmation that the virus 
originated in the brain of horse 28 was provided when two separate examinations after 
respectively three and four months’ storage at -20°C. again yielded an agent producing 
the characteristic disease in mice. When serial dilutions of extracts prepared from 
the frozen tissue were inoculated into mice it was found that this contained 
approximately 10°LD,, of virus per gram of original horse brain. 


Properties of the Virus 


The first sign of sickness in the mice was a marked degree of hyper-excitability 
which took an unusual and highly characteristic form. If mice were picked up and 
dropped from a height of two or three inches they reacted by having co-ordinated 
spasms of the hind limbs so that they hopped into the air five or six times before 
the spasm passed off. At this stage there was no paralysis and between spasms mice 
appeared perfectly healthy, walking or running quite normally. Whilst this “ dropping 
test” was the most dramatic way of demonstrating these spasms, other stimuli such 
as noise or sudden movement would sometimes produce spasms. This phase lasted 
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from 12 to 24 hours and was succeeded by more usual signs of sickness with roughened 
fur and paralysis, first of the hind legs and later of all four limbs. As a rule death 
occurred two or three days after the first onset of symptoms. The average survival 
time shortened on passage as shown in Table I. Histological examination of the brains 


TABLE I 
Adaption of Horse Virus on Serial Mouse Brain Passage. 


Passage Number 4 Day Old Mice 36 Day Old Mice 
A.S.T.* Titre A.S.T. Titre 
1 11.5 13.5 10-*:8 
5 9.0 10-*:5 7.8 10—*-° 
10 4.8 
15 4.5 
18 4.5 10—8-6 


*A.S.T.= Average survival time. 


of mice killed when in an advanced stage of paralysis showed minimal lesions indicative 
of an early viral encephalitis. No Negri bodies were seen. 

In 36 day old mice the virus appeared to multiply only in the central nervous 
system, but in one-day-old mice there was evidence of multiplication in non-nervous 
tissue, notably in cardiac muscle. Table II shows the titres of virus recovered from 


TABLE II 


Recovery of Virus from Different Tissues following Subcutaneous Inoculation into 
One Day Old Mice. 


Tissue Virus Titre* 
Brain 10—5-3 
Spinal cord 10-5-8 
Cardiac muscle > 10-*° 
Liver 10-1 -* 
Serum < 10—"-° 


*Virus titre in LD,, per 0.03 ml. for 36 day old mice inoculated intracerebrally. 


the various organs of mice inoculated when one day old with a 10—' suspension of 
7th infant mouse passage virus by the subcutaneous route and killed when moribund 
on the ninth day after inoculation. 

The virus was not pathogenic for rabbits inoculated subcutaneously or intra- 
peritoneally. Three subcutaneous inoculations provoked a good antibody response in 
these animals. 

Two local monkeys, Cercocebus torguatus torquatus, were inoculated with 
approximately 50,000 LD,, of 7th infant mouse passage virus, one subcutaneously 
and one intracerebrally. The monkey inoculated subcutaneously failed to circulate the 
virus and showed no symptoms. On the morning of the 7th day after inoculation 
the animal inoculated intracerebrally was obviously sick, sitting hunched in its cage 
and exhibiting occasional involuntary spasms of the limbs. The monkey’s temperature 
at this time was 104°F., rising to 104.3°F. later in the day. On the morning of the 
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9th day the monkey was moribund and its temperature had fallen to 103.4°F. It 
was killed and various tissues were examined for their virus content with the results 
shown in Table III. Histological examination showed marked to moderate perivascular 


TABLE III 
Recovery of Virus from Different Tissues of a Torquatus Monkey. 


Tissue Virus Titre* 
Cerebral cortex 10-4°5 
Cerebellum 10—3:4 
Spinal cord 10—>-¢ 
Midbrain 10-*:8 
Liver < 10—*-° 
Spleen < 10-6 
Kidney <10-~"° 
Cardiac muscle < 10—!°° 
Serum < 10-19 


*Virus titre in LD,, per 0.03 ml. for 36 day old mice inoculated intracerebrally. 
cuffing of blood vessels, most marked in the region of the basal ganglia. Most of the 
cells were lymphocytes but a few polymorphonuclear leucocytes were present in some 
areas. Some blood vessels showed thrombus formation and swelling of endothelial cell 
nuclei. No inclusion bodies were seen. 


Serological Tests 


Neutralization tests were carried out in 36-42 day old mice. Groups of 6 mice 
received intracerebral inoculations of 0.03 ml. of a mixture of equal parts of undiluted 
serum and virus diluted in 0.75 per cent. bovine albumin solution incubated for 2 
hours at 37°C. Mice were observed for 21 days and the LD,, of surviving virus in 
each mixture was calculated by the method of Reed and Muench (1938). A neutraliz- 


TABLE IV 
Neutralization Tests with Horse 28 Virus and Various Immune Sera. 
Serum Neutralization Index 
Yellow fever immune rabbit serum < 10 
Zika immune rabbit serum < 10 
Uganda S immune rabbit serum < 10 
Semliki Forest immune rabbit serum < 10 
Bwamba immune rabbit serum < 10 
Dengue (Tr 1751) immune rabbit serum < 10 
West Nile immune rabbit serum 40 
Mengo immune rabbit serum 10 
V.E.E.* immune rabbit serum < 10 
W.E.E.* immune horse serum < 10 
E.E.E.* immune horse serum < 10 
S.A.H.S.* immune horse serum < 10 
Horse 28 immune horse serum 500 
Horse 28 immune monkey serum > 1000 


* V.E.E.=Venezuelan Equine Encephalomyelitis virus. 
W.E.E.=Western Equine Encephalomyelitis virus. 

E.E.E.=Eastern Equine Encephalomyelitis virus. 

S.A.H.S.=South African Horse Sickness Polyvalent immune serum. 
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ation index was derived for each serum by noting the difference in log,,LD,, 
between a given serum and its appropriate normal serum control and taking the antilog 
of this figure. The only sera giving a neutralization index of more than 100 were 
those prepared against horse 28 virus (see Table IV). Slight neutralization by West 
Nile and Mengo viruses was not confirmed when these sera were retested. 


Whilst on a visit to the Rockefeller Foundation Virus Laboratories in New York, 
one of us (J.S.P.) was able to examine immune sera prepared in Lagos in a variety 
of serological tests against antigens of known activity. Since the horse virus was not 
imported into the U.S.A., only one-way serological tests were possible. A hyper- 
immune mouse serum prepared against horse 28 virus gave completely negative results 
in complement fixation tests against 32 different antigens tested (see Table V). The 


TABLE V 
Virus Antigens tested against Horse 28 Immune Sera in Complement Fixation Tests. 


Group A Group B Group C Ungrouped 
Chikungunya* California bat Be An 15 Anopheles A Sandfly Fever Sicilian 
Eastern Equine Ntaya Be An 17 Be An 73 SAT Ar 53 

Encephalomyelitis West Nile Be An 848 Be An 277 Tr 3587 
Sindbis Zika Be H 151 Tr 8900 
Western Equine Bunyamwera Tr 9760 
Encephalomyelitis Bwamba Wyeomyia 
Colorado Tick Mouse encephalo- 
Fever myelitis G.D. VII 


Eg An 492 Mengo 

Eg Ar 1095 Encephalomyo- 

Len 731-19 carditis E.M.C. 

Sandfly Fever Poliomyelitis MEF 1 
Naples Normal mouse brain 


* For details of the various viruses listed see Casals 1957 


same mouse hyperimmune serum, together with immune rabbit and monkey sera, was 
tested against haemagglutinins representing Groups A, B and C of the arthropod- 
borne group of viruses (Casals, 1957). In no case was there any inhibition of 
agglutination. 

Sera from an immune horse and from an immune African monkey (C. torquatus 
torquatus) were examined by Dr. R. A. Alexander, Director of Veterinary Services, 
Onderstepoort, who reported that no complement-fixing antibodies against South 
African Horse Sickness viruses could be demonstrated. Paired monkey sera failed to 
neutralize Rift Valley fever virus, but showed a one log difference in the neutralization 
of Wesselsbron virus. This virus has been shown to be a member of the Group B 
arthropod-borne viruses and since it was known that the monkey’s serum contained 
some Group B antibody prior to the administration of horse 28 virus it seems probable 
that the slight neutralization of Wesselsbron virus can be discontinued. In view of 
the completely negative results of complement fixation and haemagglutination- 
inhibition tests with rabbit and mouse antisera to horse 28 virus there seems no 
reason to suppose that horse 28 virus falls within the Group B of the arthropod- 
borne viruses. 
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Antibody Studies in Man and in Horses 


Sera from 20 adult Nigerians living in Abeokuta (mid-way between Lagos and 
Ibadan) were examined by neutralization tests in mice. No serum was shown to have 
antibody to the horse virus. Sera collected from 10 horses in Ibadan were examined 
in the same test. One of these was found to contain antibody capable of neutralizing 
100 LD,, of the virus under study. 


Transmission of the Virus to a Normal Horse 

Experimental horse 1 was found to have no antibodies to horse 28 virus. It then 
received approximately 60,000 LD,, of second mouse brain passage virus administered 
intravenously. This route was selected as it was considered that the natural mode of 
transmission might be through the bite of a blood-sucking insect. The animal’s 
temperature was taken twice daily during this period and blood specimens were taken 
daily for the first 21 days. The horse remained well and showed no pyrexia. No 
circulating virus was detected at any stage. The specimen of serum collected on 
day 21 showed slight protection against a low challenge dose of virus. Two months 
after the first inoculation experimental horse 1 was given a second inoculation of 
approximately 1,000,000 LD,, of third mouse passage virus, also by the intravenous 
route. Once again the animal remained perfectly normal. A serum specimen collected 
two months after the second inoculation neutralized more than 100 LD,, of virus. 


Discussion 

The case described above appeared to be typical of the blind or frenzied form of 
“Staggers”. The course taken by the disease was similar to other cases outlined 
in the general description of the disease given above. The comparative absence of 
gross or histopathological changes was also typical of the condition. The disease 
produced in mice following the inoculation of the virus recovered from the brain of 
horse 28 showed several of the characteristics of the natural disease in the horse. The 
virus has not been identified with any of a number of viruses which are known in 
infect horses or which may be found in animals or in man in tropical West Africa. 
Although no serological comparisons have been made, it seems unlikely that the virus 
under consideration is related to that described by Daubney and Mahlau (1957) as a 
cause of Near-Eastern equine encephalomyelitis, which appears to be smaller in size 
and to have a wider host range. Further studies on the virus are proceeding but at the 
moment it would appear justifiable to assume that the virus is a hitherto undescribed 
agent for which the name of “ Nigerian Horse Virus” is proposed. 

The isolation of this virus from a single horse dying of “ Staggers” cannot be 
taken as evidence that all cases of “ Staggers” in West Africa are necessarily of this 
origin. Indeed, the examination of brains from four other horses with “ Dumb 
Staggers” yielded negative results. These failures may be due to a number of 
factors such as sampling errors or the development of neutralizing antibody in the 
animal before death, or they may indicate that other conditions may produce a disease 
with a very similar symptomatology. However, the demonstration of a virus in the 
brain of horse 28 does suggest an approach to the problem of “ Staggers” which is 
capable of further study. If it can be demonstrated that this virus is responsible for 
a significant proportion of all cases of “Staggers” in West Africa, then it would 
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appear worth attempting to produce a vaccine. It is of interest that experimental 
horse 1, which developed antibodies following two inoculations with Nigerian Horse 
Virus has remained perfectly well for 18 months in an area where the mortality from 
“ Staggers ” has been 100 per cent. and the normal expectation of life for a horse has 
been about three months. 
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Summary 


A virus was isolated from the brain of a horse dying of “ Staggers”. The virus 
can be propagated by serial intracerebral passage in mice. It does not appear to be 
related to any of 37 different viruses with which it has been compared. 

The name of Nigerian Horse Virus is proposed for this agent. 
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GRASS SICKNESS IN HORSES 
| W. M. McKAY, Ph.D., M.R.C.V.S. 


Introduction 


Appearance and Spread of the Disease 


Grass sickness of horses was first recognised by the veterinary profession as a 
Clinical entity in May, 1911, at a Military Camp at Barry, Angus. It is likely 
that the disease had occurred sporadically before that date, but the clinical syndrome 
had not been recognised or described. 
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Since 1911 the disease has been recorded over a gradually increasing area, and it 
has been recognised in every county in Scotland, in many parts of England, in Wales 
in N. Ireland and in Brittany and West Flanders. The manner of this extension 
suggests the spread of an infection and the recent extension to Orkney, N. Ireland, 
France and Belgium lead one to suspect that sea barriers do not prevent the spread 
of the disease. 


Original Investigations 
General Basis 


The complete failure to transmit or establish the disease by the use of infectious 
or poisonous materials made it necessary to look elsewhere for an explanation of grass 
sickness. Any adequate hypothesis must take into account both the clinical signs and 
the mode of occurrence and spread. The plan of work therefore had two main 
objectives, first to study in more detail the occurrence of the disease and to search 
for conditions of feeding or management peculiar to the areas affected, and second, 
to study the biochemistry and physiology of the condition with a view to its 
experimental production. 


From 1934 to 1936 preliminary work in Banffshire consisted of a study of the 
clinical symptoms of and autopsies on cases of the disease. At the same time 
information about the environmental factors associated with outbreaks of the disease 
was collected in order to furnish the background of the disease with details of age 
and sex susceptibility, the composition of pastures and winter feeding. Histamine 
shock was produced in rabbits and rats and neither the symptoms nor autopsies 
resembled the symptom complex of grass sickness. 

In 1936 an investigation was carried out in Banffshire. A questionnaire was 
circulated to all farms in the county having a rental of £50 and over. The questionnaire 
solicited answers to the following questions: had grass sickness occurred on the farm 
and, if so, how many cases; whether sheep were grazed on the farm and at what 
season, and when the practice first began; what grass mixture and manure and 
fertilisers were used; how the horses were fed in winter and what preparation they 
got before going out in spring; and details of the length of time at grass before 
disease appeared and how the diseased animals were bred, i.e. sire and relationship, if 
any, between affected horses. 

It appeared from the replies that on most farms, whether there was grass 
sickness or not, similar grass seed mixtures and manures and fertilisers were used and 
the methods of stall feeding did not differ greatly. 

Two points however did emerge, first that heredity did not appear to have any 
place in the picture and that the disease appeared earlier in the early areas and later 
in the late areas corresponding with the stage of growth of the pastures, the horses 
being pastured at about the same date. 

These preliminary investigations made clear the following facts regarding 
environment and feeding. The disease occurs chiefly in horses that have been stall 
fed in winter on hay, grain and oat straw. It usually appears within a few weeks of 
going out to grass in spring, although cases may occur at any time throughout the 


GRASS SICKNESS IN HORSES 435 


year. It occurs more often in dry weather than in wet. It seems possible that the 
quality of the winter feed may have something to do with susceptibility to the disease. 
The adequacy of the winter diet in respect of certain minerals and vitamins depends 
on the quality and quantity of the hay feed. Hay of poor quality will be deficient 
in calcium and vitamins A, C and some of the B group. There is no information to 
show how such deficiencies might contribute to produce a physiological condition 
predisposing to the onset of acute disturbances following transference to young grass. 
Greig (Greig 1942) investigated the vitamin A content of livers of horses dead of grass 
sickness after a winter of stall feeding, and of normal horses and found that there was 
no significant difference between the two groups. 


There appeared to be no reasonable doubt that in Banffshire the condition is 
associated with grazing young cultivated pasture. It is seldom recorded on natural or 
permanent pastures. There are no data for the relative sizes of the horse population 
carried with which the incidence can be compared. It is practically unknown in town 
horses stall fed throughout the year, although, at the time of the investigation, such 
horses totalled about 15 per cent. of the horse population and about 20 cases yearly 
might be expected. 


The pasture usually involved is a ley of 2 or 3 years old, rich in clover, especially 
wild white clover, which is usually absent from permanent pasture and which has only 
become a usual component of pasture from about the time when grass sickness first 
became known (Cruickshank, 1936). Messrs. Hutcheson, Seedsmen, Turriff, say that 
the sole of the pastures 30 years ago consisted of cocksfoot, timothy and other similar 
grasses, with no wild white clover. They first sold wild white clover in 1917 and, just 
before the war, in temporary leys after the second year, wild white clover dominated 
the pasture. 


It would have been interesting to compare the percentage incidence of grass 
sickness in different areas with the proportion of rotational pasture, but, as there are 
no records of incidence, that could not be done. It may be significant that grass-sick 
horses will refuse to graze on cultivated pasture, preferring the rough growth of the 
roadside. 


The characteristics of young pasture, especially that which is intensively manured, 
closely grazed and rich in clover, are high protein and high calcium values. The 
protein of pasture may be as high as 30% of dry matter in May and June and only 
15% in January. The protein of oats on the other hand is about 10%. The following 
table shows the composition of the feedingstuffs usually concerned in winter feeding 
compared with that of young grass. 


Composition of Winter Feedingstuffs 
Compared with young grass: g. per 100g. D.M. 


Digestible 
D.M. S.E. protein Ca. P 
Hay 85.7 43.2 6.3 0.84 0.22 
Spring oats 86.7 68.6 9.2 0.11 0.41 
Spring oat straw 86.0 23.3 1.2 0.30 0.09 
Bran 87.0 48.9 12.6 0.16 1.41 
Young grass 20.0 735 22.5 1.00 0.35 
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The high protein and high calcium contents of young grass are commonly regarded 
as most desirable and beneficial, but, as a working hypothesis, the possibility was 
considered that the quantity of protein ingested might be injurious following a poor 
winter diet. It appears that the change from a winter diet to spring grass may be 
injurious since there is a marked increase at that time in the monthly mortality of all 
types of animals. Graph 1 illustrates this. It shows the monthly incidence of sudden 
death among stock in Banffshire. It also illustrates the dramatic increase in mortality 
between the 5 years 1914-1919 (the pre-grass-sickness period) and the 5 years 1932-1936. 


Preliminary Biochemical Studies 

Composition of the Blood in Grass Sickness 

Early in the investigation it was established, in collaboration with the Biochemical 
Department of the Rowett Research Institute, that the blood changes in grass sickness 
are haemoconcentration with a rise in blood sugar which is greater in proportion than 
the apparent rise in serum protein and a relative fall in serum calcium and magnesium. 

The degree of concentration of the blood is difficult to estimate because the con- 
dition of the spleen post-mortem suggests a considerable removal of red blood cells 
from the circulation and so haemoglobin does not provide a satisfactory index. Allowing 
for this the decreases in Ca and Mg appeared of possible significance, and, with this 
in view, the first attempts to produce the clinical syndrome were based on reduction of 
blood Ca and Mg. The following experiments were made. 
Experiment 1. A Normal Grey Pony. This animal received sodium oxalate (1 per cent. 
solution) to depress Ca. The injections were made into, and blood samples were taken 
from, the jugular vein unless otherwise stated. 


Serum Ca. Serum Mg. 
mg. per 100 mil. mg. per 100 ml. 
11.30 a.m. Ist blood sample drawn 12.9 2.52 
11.31 a.m. 30 ml. sodium oxalate injected 
12.48 p.m. 2nd blood sample drawn 12.7 2.38 


12.55 p.m. 30 ml. sodium oxalate injected 
1.00 p.m. Animal went down and was kicking and writhing 
2.55 p.m. 3rd blood sample drawn 11.3 2.08 


2.56 p.m. 30 ml. sodium oxalate injected 
3.13 pan. 30 ml. sodium oxalate injected and the animal 

collapsed on its side 
3.22 p.m. 4th blood sample taken 11.0 2.00 
3.23 p.m. 30 ml. sodium oxalate injected into heart 
6.00 p.m. 5th blood sample taken from heart 10.5 1.61 
6.03 p.m. 100 ml. sodium oxalate injected into the heart. 


Animal lay on its side and from time to time 
lifted its head but did not rise. 
7.00 p.m. 6th blood sample taken 8.7 1.52 


This pony did not at any time exhibit any of the usual symptoms of grass sickness 
and made a rapid and complete recovery. These results indicated that reduction of the 
serum calcium by injection of oxalate, which also reduced magnesium, could not produce 
the syndrome of grass sickness. The second experiment aimed at reducing blood 
calcium and magnesium simultaneously. 

Experiment 2. A Normal Black Pony Stallion. This animal received a series of 
intravenous injections of a 4 per cent. solution of Clayton yellow to depress both Ca 
and Mg. The injections again were made into and samples were taken from the 
jugular vein unless otherwise stated. 
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This animal did not show any of the symptoms of grass sickness and post-mortem 
examination did not reveal any of the usual features associated with that condition. 
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Nevertheless, since reduction of serum calcium appeared to be characteristic of 
the disease, and since therapeutic trials with parathyroid hormone were contemplated, 
a preliminary experiment with parathormone was made. 

Experiment 3. A Normal Pony. This animal was given an intravenous injection of 
4.5 ml. of parathormone (20 units per ml.) The injection was made into the jugular 
vein and the samples were taken from the same vein. 


Serum Ca Serum Mg. 
mg. per 100 ml. mg. per 100 ml. 

11.53 a.m. lst blood sample drawn 12.5 1.97 
11.54 a.m. Parathormone injection 

12.35 p.m. 2nd blood sample drawn 12.8 2.07 
2.14 p.m. 3rd blood sample drawn 12.8 2.05 
3.30 p.m. 4th blood sample drawn 15.2 2.35 
6.15 p.m. 5th blood sample drawn 12.1 2.05 


It appeared from the blood analysis in this experiment that a period of about 3 
hours elapses before there is any response to the injection of parathyroid hormone. It 
was decided that parathyroid hormone therapy would be included in the treatment of 
actual cases of the disease, but, as will be seen later, no beneficial effect could be 
detected as a result. 

As a preliminary also to possible therapeutic treatment by replacing the lost blood 
fluid, an experimental test was made with intravenous injection of fluid of suitable 
composition and osmotic pressure. 

Experiment 4. A Normal Pony. This animal received 0.5 per cent. sodium chloride 
in 6 per cent. gum acacia and diluted with approximately an equal volume of hot water. 


Serum Ca Serum Mg. 
mg. per 100 mil. mg. per 100 ml. 
12.12 p.m. lst blood sample drawn 13.5 1.97 
12.13 p.m. Injection started, this lasted about 20 minutes and 
approximately 3 gallon of saline was admin- 
istered by gravity into the jugular vein. 
4.31 p.m. 2nd blood sample drawn 11.8 1.71 


The infusion had no appreciable clinical effect on the pony. 

It was considered possible that some further light might be thrown on the problem 
of grass sickness by an investigation into the serum phosphatase (Bodansky) and serum 
inorganic phosphorus of horses. 

Experiment 5. Normal Young Horses. Blood samples were obtained from a series 
of normal young horses and compared with a sample from a typical case of grass 
sickness. The results were as follows: — 


Serum inorganic Serum 
phosphorus phosphatase 

mg. per 100 ml. units per 100 ml. 

2 year colt 4.38 9.6 

2 year filly 4.66 16.5 

1 year colt 5.02 10.1 

1 year filly 5.34 20.5 

4 year gelding 4.56 10.4 

3 year filly 3.90 9.2 

5 year gelding 3.80 10.1 


Average 4.52 12.34 
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A 5 year grass sickness gelding. This animal had developed symptoms of acute grass 
sickness about 36 hours before the first blood sample was taken. A series of blood 
samples was taken throughout the second day of illness with the following results. 


, Serum inorganic Serum 
Time phosphorus phosphatase 
mg. per 100 mil. units per 100 ml. 
3.15 p.m. 3.04 9.6 
5.30 p.m. 3.34 9.3 
7.50 p.m. 3.60 9.4 
9.45 p.m. 3.78 10.1 


These results did not suggest that further investigations along these lines would 
prove fruitful and so this aspect of the problem was not proceeded with. 


Curative Treatment 


At present there is no known method of effecting a cure in a horse affected with 
grass sickness. As so little is known about the nature of the disease it is extremely 
difficult to evolve a correct method of attacking the condition. In view of this it was 
decided that so far as possible an effort would be made to treat the symptoms. 

The problem was approached in two ways, first an attempt was made to restore 
the blood to normal by injection methods. Second, the stomach was emptied and 
irrigated in an attempt to restore normal peristalsis. It was hoped that even if such 
treatment was not curative it might help to elucidate the path and nature of the disease. 

The injected fluid was allowed to flow, by gravity, into the jugular vein. This 
fluid was normal saline containing 5 g. CaCl,, 6H,O and 2 g. MgCl,, 6H,O per gallon. 
About 2 gallons were given at each injection. The amounts of fluids and CaCl, were 
such as were calculated to reduce the blood proteins to normal and to elevate the serum 
Ca to about normal. Because of the dangers of administering Ca where the heart is 
so weak, MgCl, was also added since it is well known that the Mg ion and the Ca ion 
are physiologically “ antagonistic ”. 

After passage of the stomach tube and removal of the gastric fluid contents the 
stomach was washed thoroughly and then about two gallons of a 5 per cent CaCl, 
solution were given. In no case was the treatment successful, but in every case there 
was alleviation of the symptoms, some cases almost to the extent of reaching normal. 
One of the first results of the injection was the ability to swallow was restored. The 
oral administration of CaCl, after the removal of gastric contents resulted in immediate 
and marked peristalsis. Loud borborygmi could be heard; later, however, peristalsis 
died down and painful spasmodic borborygmi were heard. At such times the stomach 
again contained large quantities of fluid. 

The following procedures or medicinal treatments were given singly or in various 
combinations. 


(a) intravenous infusions of normal saline, 

(b) the above plus calcium and magnesium, 

(c) subcutaneous injection of calcium borogluconate, 
(d) intramuscular injections of pituitrin, 

(e) stomach drainage, 
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(f) stomach lavage and introduction of various drugs with a view to promoting 
peristalsis, 

(g) administration of cardiac stimulants either by stomach tube or subcutaneously, 

(h) enemas, 

(i) injections of parathyroid extract, 

(j) subcutaneous injection of eserine, 

(k) injection of Cl. Welchii Type D antitoxin. 


A combination of (b), (f) and (g) gave temporary good results. In every case there 
was a distinct improvement which unfortunately was not maintained. 

Stomach lavage and the introduction of calcium chloride produced active peri- 
stalsis manifested by borborygmi, over a period of several hours, and also when carried 
out in conjunction with intravenous infusion of calcium and magnesium chlorides in 
normal saline, improvement was definite but transient. 

Enemas were useless and they were discontinued as they accentuated the animal’s 
distress, 

Saline infusions must be administered slowly and with great care. If given rapidly 
they are likely to cause the prompt death of the patient. 

The administration of calcium borogluconate alone was without effect. It was 
impossible to assess the value of pituitrin as it was never given alone. 

Experiment 6. Large scale Field Experiment in Prevention of Grass Sickness by the 
Feeding of Readily Absorbable Ca. 

It was considered that the feeding of easily absorbable Ca with colloidal alumin- 
ium silicate might be of service in preparing horses for their introduction to pasture in 
spring after a winter of stall feeding. The hypothesis was that the Ca might affect 
capillary permeability and control exchanges between intestine and blood, and the 
aluminium silicate would precipitate any excess of protein and absorb histamine or 
histamine-like substances and toxic products. 

As a result of appeals to farmers to assist the investigation 734 horses were given 
an experimental mineral mixture consisting of calcium carbonate, sodium calcium 
lactate and aluminium silicate, the Ca salts forming 80 parts and the kaolin 20 parts 
of the mixture. The dose per horse was half an ounce daily from the month of 
February until the animals were put out to grass in May. For various reasons the 
number of horses fell to 640 by the beginning of the grass sickness season. As the 
majority of these animals were in the critical age group and were also on farms with 
grass sickness records, the expected mortality, if the mixture were without value, was 
approximately 30 cases. The weakness of the scheme, and fully appreciated from 
the outset, was that the administration of the powder was left to the farmers and in 
the great majority of cases by them to their farm servants. Personal supervision was 
impossible and therefore the administration and dosage were uncontrolled. It was 
appreciated also that any failure which might be due to faulty administration on one 
farm would be debited against the value of the preparation, not against the human 
factor, and this in turn might affect the administration on other farms. 

Blood samples were obtained from four animals in the calcium-kaolin group and 
a similar number of blood samples from other horses in the same stable, but not in 
the experimental group, and the serum calcium estimated. The results are shown in 


the following table. 
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Augmented Ca group 


‘Ordinary diet 


Mg. Ca per 100 ml. mg. Ca per 100 ml. 
11.8 12.4 
12.9 13.0 
12.8 12.6 
12.7 13.1 


The feeding of Ca therefore did not appear to affect the blood Ca level in healthy 
horses. The results of the feeding experiment are shown in the following table. 


Description of Fatal Cases occurring during Calcium Feeding Experiment. 


Case Age Duration 
No. Years days Remarks 
1 Z 4 Typical grass sickness 
2 3 1 ” ” ” 
3 5 13 »” ” 2” 
4 5 1 93 93 » 
5 4 2 ” ”» ” 
6 4 2 ” ” »” 
7 3 5 ” ” » 
8 3 3 ” ” ” 
9 5 3 eesti leat ; 
10 8 14 Shot. Defaecation normal throughout illness. 
11 3 8 Defaection normal throughout illness. 
12 5 4 Symptoms of great pain, and hyper-excitability. 
13 8 1 Typical. Fed very irregularly and in small quantities. 
14 _ 13 Typical. Stopped feeding powder six weeks previously. 
15 —_ 4 Fed very irregularly and in small quantities. 
16 —_ — Stopped feeding powder 2} months previously. 


The table above shows details of the deaths which occurred in the 640 horses 
in the experimental group. Cases 1 to 9 were typical grass sickness and had received 
the powder with reasonable care. Cases 10 to 12 although reported as grass sickness 
do not suggest this on scrutiny of the symptoms as shown above. The cases 13 to 16 
are not accepted for the reasons given above. Of cases 1 to 9, seven on post-mortem 
showed complete absence of dry impaction in the large bowel; the other two were 
not examined. 

Owing to the lessened incidence of the disease in the year of the experiment 
(about % the usual death rate), it might have been expected that about 20 cases would 
occur. Actually 9 cases or at the outside 12 cases occurred in the experimental group 
and in 7, while the treatment did not prevent the disease, it did alter the appearance of 
the post mortem findings. 

The experiment was inconclusive but suggested that the approach to explanation 
of the condition might be more profitable if it considered as primary the changes in 
the gastro-intestinal tract, not those in blood. 

Obviously the haemoconcentration might be secondary to disturbance of the 
normal interchange of fluid between intestinal tract and blood. The stomach and 
intestine are themselves in a state resembling paralytic ileus of the bowel with 
distension and high pressure in the upper parts. An attempt was made to reproduce 
these conditions. 
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Experimental Attempts to Produce the Clinical Syndrome 


Having in mind the high protein intake on young grass the first experiments 
were made to test the effect of administration of large quantities of protein. 
Experiment 7. Forced Feeding of Dried Whole Milk. 

An aged normal pony was given 14 Ib. dried whole milk in water, by stomach 
pump and tube, together with three quarters of a pound of sodium bicarbonate to 
reduce the acidity of the stomach contents so that the pH would be similar to that met 
with in natural cases of grass sickness. 

The animal showed abdominal tenseness, sweating and salivation. The degree of 

distension of the abdomen was drum-like and there was much obvious discomfort 
and nausea. The pony stood with dull expression and drooping head and made no 
effort to graze. This condition continued for about four hours after which it 
recovered somewhat and began to graze. A further 141b. dried milk in water was 
given by stomach tube some 16 hours later. This was followed by another bout of 
sweating and salivation and shoulder tremors. Six hours after this second force-feed 
the animal died. Post-mortem examination showed the stomach and small bowel 
distended with the ingesta but the picture did not resemble that of grass sickness. 
The blood picture showed haemoconcentration judged by the relative volumes of 
plasma and corpuscles but no biochemical estimations were made. 
Experiment 8. A Seven Years Old Normal Shetland Pony. This animal was given 
blood meal (64 per cent. protein) by stomach tube. At 1 p.m. 21.8.37 the pony was 
given approximately 16 1b. blood meal in water by stomach tube. The pony was 
distressed, it sweated and tremors could be seen at shoulder and flanks. The meal 
was discontinued and the animal turned out to graze. It began to graze after about 
3 hours. At noon on 22.8.37 the pony was given a further 10 lb. of blood meal in 
water. At 12.20 p.m. the animal was sweating and salivating profusely with a tense 
abdomen and there were muscular tremors at shoulder and flank. At 12.30 there was 
oesophageal regurgitation and bile stained fluid showed at the nostrils. At 2.0 p.m. the 
animal was dull, salivating and sweating, the abdomen was very tense, and there was 
constant regurgitation of bile stained fluid from the nose. The clinical picture closely 
resembled that of grass sickness. It died at 6.40 p.m. on 22nd August, without having 
defaecated during the experiment. Before death the pulse was soft and rapid (120 
per minute). Blood samples were drawn immediately before the experiment com- 
menced (1 p.m.) at 7 p.m. at 11 a.m. 22.8.38, at 2 p.m. and just before death. 

The results are shown in the following table. Unfortunately haemoglobin was 
not estimated but comparison of the volumes of cells and plasma in the various samples 
indicated clearly that blood concentration had taken place. 


Serum Ca Blood Cl. 
Sample No. mg. per 100 ml. mg per 100 mil. 
1 14.8 378 
2 13.1 386 
3 13.7 386 
4 11.4 376 


Post-mortem examination showed that the stomach had ruptured, probably when the 
animal collapsed. At the time of death, the small intestine was full of injected 
material. The large bowe! was normal as were the liver and spleen. 
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The clinical picture was very like that of grass sickness but the post-mortem 
findings were not. 
Experiment 9. A Seven Years Old Welsh Pony. 

This pony was given approximately 40 1b. of dried bloodmeal in water over a 
period of 2 days. The experiment commenced at 10 a.m. on 6.9.37 and the animal 
died at 10 p.m. on 7.9.37. 

The clinical picture and post-mortem findings were similar to those detailed in 
Experiment 8. 

Blood samples were taken throughout the experiment and the results are shown 
in the following table: — 


Serum Ca Plasma CO, Blood Cl. 
Sample mg. per 100 mil. vol. per cent. mg. per 100 ml. 
1 12.8 51.6 306 
2 11.5 41.0 332 
3 11.3 33.2 338 
4 10.0 47.7 322 
5 9.6 53.6 302 
6 9.3 49.7 322 
7 9.1 40.0 328 
8 9.4 31.3 340 
9 9.9 22.6 _— 
10 10.3 26.5 352 


Similar experiments were made with two other ponies, using bean meal, a 
vegetable protein, instead of the previous animal protein, with similar results. 

The net result of these experiments was that part, but not all, of the clinical 
findings in grass sickness were produced by administration of large amounts of dried 
protein in suspension in the considerable volumes of water, necessary for the forcible 
administration of these quantities of material. The effects appeared so quickly that 
it seemed likely that they were due to the mechanical distension of the stomach and 
intestine and not to the protein. The whole position was therefore reviewed. 

Grass sickness is accompanied by anhydraemia with a disproportionate rise in 
blood sugar and a fall in serum Ca and Mg. Attempts to produce it by experimentally 
induced reduction of serum Ca and Mg were unsuccessful nor did supplementary 
feeding of Ca prevent the disease though it may have slightly modified it. Forced 
feeding of large volumes of protein in water produced haemoconcentration and a fall 
in serum Ca with some of the clinical signs but did not reproduce the complete picture 
of grass sickness. The effects produced may have been wholly of mechanical origin. 

The winter diet of horses in grass sickness areas is high in carbohydrates, low in 
protein and, because of the use of oat straw, high in fibre. The change to grass means 
a change to relatively low carbohydrate, high protein and low fibre. 

The digestion of carbohydrate is independent of bile secretion and in turn 
carbohydrates are neither cholagogue nor choleretic, but seem to depress the secretory 
activity of the liver. Hooper and Whipple (quoted by Sobotka, 1937) found the 
biliary secretion diminished under a carbohydrate regime compared to the fasting 
state. Sobotka (1937) stated that proteins produce the highest stimulating effect on 
liver secretory activity while carbohydrates depress the secretion. Ivy (1941) has 
confirmed that protein stimulates the production of bile and bile salts. It therefore 
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appeared reasonable to assume that in the grass sickness areas a profound physiological 
change in respect of liver activity was required of horses at the change over from 
stall feeding to grazing. This involves also a change from spaced meals to continuous 
feeding which might further stimulate bile secretion in an animal lacking a gallbladder. 

The clinical picture of grass sickness is apparently predominantly one of digestive 
upset and, at examination post mortem, the most pronounced features are shown by the 
digestive tract. The anhydraemia, which is ultimately associated with dehydration of the 
tissues, might derive from loss of blood plasma through continued secretion of digestive 
juices into the stomach and small bowel. There appears to be a functional paralysis or 
complete reversal of movement, preventing the passage of these secretions into the 
bowel and causing it to become impacted, and leading to the appearance of bile in the 
stomach contents. This admixture of bile and possibly of pancreatic juice explains 
the high pH 6.8 of the stomach in grass sickness. This continued secretion ultimately 
causes dilatation of the stomach and reversed oesophageal peristalsis which can be 
seen as succeeding ascending waves and by the appearance of stomach contents in the 
mouth and nostrils. At the same time, or perhaps before, the salivary secretions are 
augmented and saliva drools and drips from the mouth. The picture is that of 
continued active digestive secretion with a complete upset of gastro-intestinal motility 
and failure of reabsorption. 

The liver in grass sickness frequently shows a marked friability and has often a 
parboiled appearance. The mucous membranes show a slight but increasing icterus. 
The hyperglycaemia, for which no explanation has ever been suggested, might be due 
to failure of liver anabolic functions since there is no evidence of adrenal stimulation. 
These findings suggest that metabolic disturbances in the liver are involved in the 
grass sickness syndrome. If there were excess secretion of bile into the intestine, that, 
in itself, might produce part of the typical upset since bile inhibits peristalsis in the 
small intestine. Again, the whole syndrome resembles that of high colonic obstruction 
or paralytic ileus. The experiments described above suggested that the acute 
symptoms of grass sickness might depend upon mechanical distension of the stomach 
and small gut, since by injection of large volumes of fluid, muscular tremors, patchy 
sweating, salivation and oesophageal regurgitation could be produced. Fine, Hurwitz 
and Mark (1940) showed that patients with distension of the small intestine resulting 
from acute intestinal obstruction show a considerable loss in the volume of circulating 
plasma irrespective of whether the distension is of functional or mechanical origin. 
A new experimental objective therefore was to produce a marked hypersecretion of 
bile, this hypersecretion to be so marked as to cause bowel stasis and gastro- 
intestinal distension. Various choleretics were considered. Of these bile itself is the 
most potent. Ox bile was tried in an initial exploratory experiment (McKay 1938) 
when the clinical symptoms of grass sickness seemed to be produced on the intravenous 
injection of spaced doses of bile. The early symptoms were however later masked by 
toxic effects and local irritation. In order to obviate the use of bile, which was 
difficult to procure in fresh condition, and after preliminary experimentation on 
rabbits, it was decided to use sodium glyco-taurocholate, a salt that was readily 
available and might have the desired effect. 


sv ‘ue Ay Se 


GRASS SICKNESS IN HORSES 445 


Experimental Production of the Clinical Syndrome by Injection of Bile Salt 


Experiment 10. Aged Female Dartmoor Pony. In this experiment, using an aged 
female Dartmoor pony weighing 931 1b. there were two main preliminary objects, 
first to see if sodium glycotaurocholate would effectively inhibit peristalsis and in the 
second instance to ascertain whether anhydraemia would be induced. No elaborate 
biochemical estimations were envisaged and haemoglobin only was estimated. From 
a daily average evacuation of 30 1b. defecation fell to an average of 4 1b. daily over 
the experimental period of four days and haemoglobin was increased from 9.4 to 
12.7 g. per cent. The amount of bile salt given totalled 95 g. The clinical symptoms 
were suggestive of grass sickness and auscultation of the abdomen established that 
borborygmi were faint or absent for long periods. 

Experiment 11. Pony “ Toby”. This pony was given 2-hourly intravenous injections 
of sodium glycotaurocholate. This animal had exhibited wet sloppy green faeces before 
the experiment commenced. The course of the experiment is shown in the following 
table. 

This animal was slaughtered on 28.11.42. It had not eaten for two days nor 
defaecated for 43 hours before slaughter. The symptoms shown were closely similar 
to those shown by a case of grass sickness. 

At autopsy the findings were as follows: 


Stomach and small intestine. Full of fluid which contained a fine “ silt” of powdered 
grass-like ingesta and the fluid was shown to contain bile on test. 

Caecum and colon. Full of fluid ingesta. 

Rectum. Full of very hard dehydrated faeces covered with blood and mucus. The 
mucous membrane was congested and the faeces were adherent to it. It was thought 
that the liver might indicate some jaundice. 


No. of Dose Haemoglobin  Faeces 
injectionand given Fluid g. per passe 
Time and Date blood sample g. mil. 100 ml. lb. Remarks 
10 am. 24.11.42 1 15 100 11.8 Av. 45 
12 noon 24.11.42 Z 15 100 11.8 
2 p.m. oe 3 15 100 10.0 ’ 
4 p.m. oA 4 15 100 11.1 Haematuria 
7 p.m. a b, 15 100 10.4 
10 p.m. pes 6 10 400 10.0 16 
12 midnight 7 10 400 10.4 
2am. 25.11.42 8 10 400 10.0 
4 a.m. pa 9 —— — 10.0 Faint borborygmi 
6 am “s 10 10 400 10.0 
10 a.m fe 11 10 200 10.2 
2 p.m ‘a 12 10 200 9.5 
6 p.m as 13 15 200 9.8 10 
8 p.m - 14 20 200 9.2 Haematuria 
10 p a 15 20 200 9.7 ee 
2am. 26.11.42 16 —_ _— 9.3 
10 a.m. re 17 = 9.0 
3 pm pe 18 — 8.7 
3 p.m. 27.11.52 — 11.8 
7 p.m se — 11.8 
10 p.m pe — 11.3 
3100 
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“ TOBY ” 
Indirect Van den Bergh : 
mg. bilirubin per 100 ml. Fouchet Plasma haemolysis 

1 0.8 +— _ 

Z 1.4 +— + 

3 2.3 +— + 

4 2.4 +— + 

5 3.7 + + 

6 3.8 ++ ++ 

7 3.6 ++ ++ 

8 3.6 e+ ++ 

9 2.9 +++ ++ 
10 3.7 ++++ ++ 
11 4.3 ett ++ 
12 4.3 ++++ ++ 
13 4.5 pot +H 
14 4.3 ++++ ++ 
15 3.8 batt + 
16 3.2 ++++ ++ 
17 4.0 ++++ ++ 
18 3:2 +++ ate 
19 4.3 ++++ a 


This experiment was not successful in producing anhydraemia but successful in 
producing a state of bowel stasis. 


The great difficulty in these experiments was the haemolysis produced by the 
intravenous injection of the bile salt, while the irritant nature of the infusion caused a 
severe local reaction at the site of the inoculation unless great care was exercised, and 
each injection terminated with washing out the apparatus with a small amount of 
sterile saline before the needle was withdrawn. 


Some experiments were performed on rabbits in an endeavour to overcome the 
haemolysis by means of different vehicles, e.g. gum acacia and sodium citrate. 
Experiments in vitro were conducted also with this end in view, but none proved 
totally effective. It seemed that the haemolysis was greatest at the moment of impact 
with the blood, and was worst if the material was administered rapidly. In consequence 
it was decided to reduce the rate of introduction of the solution into the jugular vein. 
Experiment 12. Pony “Paddy”. Weight 400lbs. 4 Years Old. This pony was 
given 10g. sodium glycotaurocholate in 100 ml. saline every 2 hours. It had been 
passing watery faeces weighing about 30 lb. daily. The course of the experiment is 
shown in the following table. 


No. of Haemoglobin Blood sugar Faeces 
Time and Date Sample g. per 100 ml. mg. per 100 ml. passed Ib. 
10.35 a.m. 10.9.42 1 10.9 not done 
12.30 p.m. > 2 11.8 89 
2.30 p.m. Pa 3 11.3 101 1 
4.30 p.m. = 4 12.0 93 
11.30 a.m. 11.9.42 5 12.5 96 
2.00 p.m. 33 6 12.1 107 
4.00 p.m. sf 7 11.3 131 4 
7.45 p.m. 8 9.9 126 
10.45 p.m. 12.9.42 9 13.0 130 
6.00 p.m. = 10 14.1 187 
7.30 p.m. 
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This pony was given a total of 105g. sodium glycotaurocholate in 1000 ml. 
saline over 45 hours. 

The temperature remained fairly constant during the experiment. 

The symptoms were similar to those seen in grass sickness. 

Post-mortem Examination Results. 
Icteric condition of subcutaneous fat. 
Muscles. Looked dry. 
Stomach. Distended with bile containing fluid and contained a fine “silt” of green 
ingesta. 
Small intestine. Contained a large quantity of fluid which had a very faint pink 
colour. 
Caecum. Showed semi-liquid contents. 
Colon. Contained a large moist mass of ingesta. 
Rectum. Showed dry formed masses with covering of white mucus. 
Liver. Bluish sheen on capsule, friable and slightly jaundiced. 
Spleen. Soft. 
Heart. Right side collapsed and flabby. 
Bladder. Empty. 

Immediately before death this pony was restless, uncomfortable and in some pain, 
lying down and rising again. 

Respirations were sobbing in character, patchy sweating was evident, and there 
were muscular tremors. 

There was some oesophageal regurgitation. Membranes were icteric and the 
animal appeared nauseated and dull until shortly before death. 

The temperature was normal. There was no urination nor defecation. 
Experiment 13. A Male Dartmoor Pony. Weight 6161b. 7 Years Old. With this 
animal the average daily evacuation of faeces had been 38 lb. It was fed on a diet of 
oats, hay and straw, with water ad libitum, for a period of about 3 weeks prior to the 
experiment. The diet before this had been natural grass pasture on Dartmoor for all 
its life. This nutritional environment was totally different from the normal average 
“grass sickness” one and was considered unlikely to produce a condition of ready 
susceptibility. In fact the pony might prove experimentally refractive. 

Previous experience indicated that it might be more satisfactory to administer 
the sodium glycotaurocholate every four hours slowly and in as high a concentration as 
possible with a view to keeping down the quantity of fluids added to the blood 
plasma, the administration to be continued until anhydraemia had been established or 
until haemolysis made necessary a reduction of dosage. A dose of 15g. sodium 
glycotaurocholate in 100 ml. normal saline was given by means of gravity feed from a 
mercury flask. The fluid was administered at approximately blood temperature and 
very slowly. 

The time table and experimental outline of the effect is shown in the following 
table. 

The day before this experiment commenced the pony was fed hay only, instead 
of straw and hay, which was the nearest available but not comparable with the 
protein-rich spring pasture of the grass sickness areas. 
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Sample Haemoglo- Haemo- Sugar mg. Time 
Time and Date Number bing. per lysis per100 Dose Volume takenin  Faeces 
100 ml. mil. g. ml. minutes 
10.00 am. 4.12.42 1 8.9 _ 79 15 100 24 
10.05 a.m. mG 1A 9.3 + 79 —_ — _ 
10.15 a.m. es 1B 9.7 + 69 — — _ 
2.00 p.m. + 2 10.0 ? 64 15 100 23 — 
6.00 p.m. es 3 9.6 + 68 15 100 23 
10.00 p.m. » 4 10.9 + 92 15 100 23 
2.00 am. 5.12.42 5 10.6 + 92 15 100 23 
6.00 a.m. > 6 11.2 + 92 15 100 23 
10.00 a.m. RS 7 10.0 ? 60 15 100 23 
2.00 p.m. = 8 11.1 ? 82 5 50 24 3 lb. 
6.00 p.m. ‘ 9 10.0 ? 84 —_ — — 
10.00 p.m. - 10 11.4 ? 78 — — — 
2.00 a.m. 6.12.42 11 12.0 ? 78 15 100 24 
6.00 a.m. na 12 11.1 ? 84 — — — 
10.00 a.m. a 13 10.5 —? 84 10 100 23 1 Ib, 
6.00 p.m. us 14 10.4 —? 84 — — —_— 
10.00 p.m, si 15 10.9 —? 88 10 100 23 
2.00 am. 7.12.42 16 10.8 —? 88 — — — 
6.00 a.m. na 17 12.5 —? 92 10 100 23 
10.00 a.m. 99 18 13.5 — 92 _— — — 
2.00 p.m. re 19 13.9 _ 88 _— — — =< : 
4.00 p.m. me 20 15.3 — 96 — —_ _ 
7.00 p.m. o% 21 16.1 _ 92 — — _— 
10.00 p.m. f 22 17.0 _ 106 — _— — 
2.00 am. 8.12.42 23 17.0 —_ 116 — — we 
6.00 a.m. » 24 17.0 — 162 — — _ 0.5 lb. 
11.00 a.m. at 25 18.6 _ 246 _— —_ — 
2.00 p.m. He 26 19.4 _ 304 —_ a 
6.00 p.m. a Dead 
Sample Number Indirect Van den Bergh Fouchet 
1 0.6 —_ 
2 + 
: + 
5 t 
6 + 
7 ++ 
; ++ 
10 + 
11 +++ 
12 2.4 +++ 
13 +++ 
14 +++ 
15 ++4++ 
16 ++++ 
17 3.7 t+++4+ 
18 Masked but definitely 
positive 
19 oe 
20 “3 
21 
22 . 
23 a 
24 : 
25 2.3 5 
Direct Van den Bergh all negative. 
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The result of the intravenous injections was an increasing appearance of apathy 
and dejection with an icterus which gradually became more obvious without ever 
becoming pronounced. An almost complete bowel stasis became established and after 
about 48 hours very little urine was passed. 

An inclination to paw the ground at intervals was exhibited, and usually with the 
right fore foot. Acute symptoms became manifest about 16 hours before death. Then 
the animal was completely dejected but it could be roused to immediate but brief 
alertness. Auscultation revealed complete absence of borborygmi. At times abdominal 
pain appeared to be present and patchy sweating was evident. Respirations were 
somewhat sobbing in character and the pulse rate gradually and continually increased 
until eventually the pulsations were 120 per minute. Swallowing did not appear to 
be possible. The pony would chew some hay but seemed unable to swallow it, 
eventually allowing the bolus to lie in his mouth or fall to the ground. Drinking 
was affected, the animal “ playing ” with the water in its mouth but never swallowing 
it. 

Temperature was undisturbed. Tremors were apparent at shoulder and flank. 

Reference to the table above will show that the haemoglobin at first was barely 
disturbed but eventually the onset of severe symptoms coincided with an increase in 
haemoglobin and eventually a well marked anhydraemia became established. At the 
same time a hyperglycaemia of a pronounced character manifested itself. During the 
course of the experiment a gradual and constant increase in Van den Bergh levels in 
the blood was demonstrated and Fouchet’s test was increasingly positive in reaction 
throughout the experiment. 


Post-mortem Examination Observations 


The stomach and small bowel were distended with fluid and gas, with a fine 
“sediment” of ingesta similar to the stomach and small bowel contents in a grass 
sickness horse. The caecum was full of fluid ingesta. 

The large colon was full of semi-solid ingesta while its terminal part and the first 
part of the rectum were filled with hard dry faeces which were either covered with a 
dark bloody coating and adherent to the bowel wall, or covered with a whitish mucus 
coating. The end of the rectum was empty. 

The bladder was almost empty, the little fluid it contained was dark and thick. 

The spleen appeared swollen, soft and the pulp was very dark. The heart was 
soft and the right ventrical was completely collapsed. 

The liver was pale and friable. The skeletal musculature appeared dehydrated. 

The pH of the stomach was 6.4, of the small intestine 6.8, and of the large 
bowel 6.5. 

The appearance in general was therefore similar in a number of important aspects 
to that of a horse dead of grass sickness. 


Summary and Conclusions 


The main findings appear to be as follows: — 
(1) the characteristic blood changes are haemoconcentration with high blood protein, 
high sugar and low calcium and magnesium content; 
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(2) the blood changes are not primary nor directly associated with the change of diet 
which precipitates the disease; 

(3) the dry impaction of the large colon does not contribute to the fatal termination 
since it was absent from cases experimentally given calcium and kaolin; 

(4) mechanical relief of the gastro-intestinal distension by drainage and lavage, and 
symptomatic treatment with hydrochloric acid or drugs has no more than a transient 
effect. 

(5) The essential part of the syndrome is the continuation at a normal or 
super-normal level of gastric and intestinal secretion, with a profound disturbance of 
gastro-intestinal motility, resembling paralytic ileus, and resulting in bowel stasis 
with atony and distension or reverse peristalsis in the small intestine and stomach. The 
haemoconcentration and other blood changes and the final tissue dehydration may be 
secondary to the gastro-intestinal.change. The failure of swallowing in the late stages 
of the disease is probably due, like the terminal failure of respiration and death, 
to anoxaemia of the central nervous system due to the reduction in blood supply. 

(6) These changes can be reproduced experimentally by injection of sodium 
glycotaurocholate which is a potent choleretic. It reproduces very closely the 
characteristic picture both in the gastro-intestinal tract and the blood. 

Taken in conjunction with the changes in the liver observed post mortem in grass 
sickness and the rise in blood sugar which occurs in the disease, this suggests that one 
of the primary causes of grass sickness may be a profound disturbance of liver 
metabolism. The low percentage incidence of the disease indicates the possibility of 
an individual susceptibility. 

The exciting cause appears to be closely associated with a sudden change of diet 
and the incidence of the disease is highest where that change is from a winter diet of 
hay, oats and oat straw to fresh spring cultivated grass rich in clover. It seems 
possible that protein is involved but this cannot be regarded as proved. 

Reference has been made in the early part of this paper to bloat in cattle and 
enterotoxaemia of lambs. Bloat has this in common with grass sickness that it appears 
to be due to disturbance of stomach motility and it is most commonly recorded as 
occurring on alfalfa pasture. Enterotoxaemia of lambs, which occurs usually in lambs 
fattened on clover pastures, and was formerly regarded as an infectious disease is, 
according to the latest studies, like grass sickness, a disease closely resembling paralytic 
ileus. In the experiments recorded by Britton and Cameron (1944) experimental 
obstruction in lambs caused dehydration, rise in blood sugar, collapse and death, similar 
to the natural enterotoxaemia and to the picture here described as produced by infusion 
of bile salt into horses. 

The possible link between diet and grass sickness must, apparently, await 
physiological studies on the gastro-intestinal-liver reflex relationships in equines and 
ruminants or the discovery of some unknown dietary substance capable of producing 
reactions similar to those produced artificially with bile salt. 


REFERENCES 


Bennetts, H. W. (1944) }. Agric. W. Austral., 21, 2nd Ser., 104. 

Britton, J. W. and Cameron, H. S. (1944) Cornell Vet., 34, 19. 

Cole, H. H., Mead, S. W. and Regan, M. W. (1943) #. Animal Sci., 2, 285. 
Cruickshank, J. (1936) Scott. #. Agric., 19, 130. 

Fine, J., Hurwitz, A. and Mark, J. (1940) Ann. Surg., 112, 546. 


REVIEWS 451 


Gordon, W. S. (1945) Notes on the investigation of grass sickness in horses. Agric. Res. 

Counc. 7795. 

Greig, J. R. (1942) Trans. Highl. Agric. Soc. Scot., 54, 5th Ser., 1. 

Holman, H. H. (1940) Vet. Rec., 52, 195. 

McKay, W. M. (1937) Memorandum on the Banffshire grass sickness investigation. 

McKay, W. M. (1937a) Paper read to Scottish Metropolitan Division of the National Veterinary 
Medical Association, Perth, January 16. 

McKay, W. M. (1938) Unpublished work. 

Russell, F. C. (1944) Imp. Bur. Animal Nutrit. Tech. Comm. No. 15. 

Sobotka, H. (1937) Physiological chemistry of the bile p.80. 

Stewart, J., Gordon, W. S., and McCallum, J. W. (1940) Vet. Rec. 52 237. 


REVIEWS 


LEPTOSPIROSIS IN MAN AND ANIMALS, by J. M. Alston and J. C. Broom, with a 
chapter on LEGAL RESPONSIBILITY by C. J. A. Doughty, QC. E. & S. 
Livingstone Ltd., Edinburgh & London. Price 40/-. 


THE appearance of a monograph by two distinguished English authorities in any 
field is a major event in medical and veterinary publishing. This book by Drs. 
Alston and Broom is devoted to leptospirosis and is the first on this subject to emanate 
from this country since that by Buchanan in the Special Reports Series published by 
the Medical Research Council as long ago as 1927. Much new knowledge has 
accumulated and this is a fact which enhances further the value of this publication. 

The importance of leptospirosis in both veterinary and medical practice is 
considerable and is increasing. Indeed the very nature of the oecology of the Lepto- 
spirae renders a veterinary practitioner liable to infection. The recognition of the 
increasing complexity of the genus Leptospira and the multiplicity of leptospiral 
diseases is stressed in a gracious foreword by Sir Samuel Bedson, F.R.S., although one 
cannot wholly agree with him when he says that L. canicola consistently produces a 
mild infection even in man. 

The book is divided conveniently for reference into the Leptospiral diseases of 
man and those of animals but this does not disturb the easy continuity of the com- 
position which is in a lucid, fluent and readable style made all the more interesting by 
a generous historical introduction. 

A comparatively limited space is given to the morphological and cultural character- 
istics of the Leptospires and the inclusion of electron photomicrographs is welcomed. 
It is pleasant to detect between the lines the regret at the unnecessary complication of 
the nomenclature caused by giving specific rating to strains which are really no more 
than serological sub-types. Although there are, fortunately, still fewer recognised 
Leptospirae than Salmonellae it is felt that the threat of a verbal plethora now evident 
in the latter genus might be avoided in the former by a timely change to numerical 
types for the Leptospirae. 

The epidemiology and pathology of the Leptospiroses is handled admirably and 
the renal lesion is given pride of place in the syndrome. The contribution relating to 
experimental studies is acknowledged. 

From the more strictly veterinary point of view, Leptospirosis of the important 
livestock animals: pigs, cattle, sheep, goats and equidae are dealt with reasonably 
fully under sub-headings in a separate chapter. With the important exception of 
canine leptospirosis, which is described in exhaustive detail, the condition in other 
susceptible animals about which but little is known is discussed briefly for the sake 
of completeness. 

The section devoted to antibiotic drug treatment in the human disease is un- 
happily rather confusing. This is no doubt in part due to the unsatisfactory nature of 


452 THE BRITISH VETERINARY JOURNAL 


much of the published work and several papers are quoted. Perhaps it would have 
been more helpful and in keeping with a monograph of the calibre of this one, had 
published work been assessed more critically and where antibiotic drugs had obviously 
been exhibited, either too late or in inadequate dosage, for the results to have been 
ignored. Had this been done it is felt that more helpful guidance on the lines of 
penicillin being recommended in heroic doses early in the disease might have emerged. 
Certainly there is good theoretical evidence for the efficacy and harmlessness of this 
drug and it has in practice, been attended by favourable experiences. This monograph 
confirms that there is no evidence that the more recently discovered and more costly 
antibiotics possess any advantage over penicillin. Serum therapy is discussed in a 
non-committal manner but without mention of the very real dangers of the various 
manifestations of serum sickness at least, in man. 

In the main the illustrations are helpful but whereas this feature tends to add 
materially to the cost of publication as well as the bulk of the tome it is felt that some 
of those depicting various occupations in which Leptospirosis is a recognised hazard 
are not particularly edifying and could with advantage be omitted in future editions. 

Finally, the inclusion of a chapter on the legal aspect of Leptospirosis by a 
distinguished Queen’s Council is inspired. In these days of free legal aid and a 
litigious laity it is becoming more and more necessary for both veterinary and medical 
practitioners to be cognisant of the salient features of the legal position as applied 
to themselves, their patients and to the institutions which they serve. A signal service 
therefore has been done in devoting a full chapter to this important aspect of a disease 
which may be contracted with comparative facility either at work or at play. It is 
hoped that the practise of inviting the co-operation of members of the legal profession 
in publications intended for undergraduates and practitioners will become more general. 

While it is easy to pick out trivial faults in most publications it is, in general, an 
unhelpful activity and in any event in this monograph there are gratifyingly few. In 
general it is a book printed well, elegantly produced and of reasonable price. It will 
commend itself to the intelligent medical practitioner; to the veterinary surgeon it is 
essential and the excellent bibliography and indices render it indispensible to the 
research worker in this field. 


GENITAL VIBRIOSIS IN THE BOVINE, by H. C. Adler. Copenhagen 1957 A/S Carl 
F. Mortensen. 


THIS thesis accompanied by an adequate bibliography was prepared on the basis 
of experiments made from 1952 to 1955, whilst the author was at the Royal Veterinary 
and Agricultural College, Copenhagen. 

He describes his technique for the cultivation of Vibrio foetus from the cervical 
canal of heifers and concludes that it is possible to demonstrate the organism as early 
as two days after infection although the greatest chance of success is at about two 
weeks. Bulls which carry V. foetus may be detected by serving heifers and experi- 
mental heifers which are not infected may be used repeatedly. The incidence of 
infection appears to be greater in old bulls and the addition of streptomycin to infected 
bull semen is considered to be effective in most cases against the spread of infection by 
insemination. Streptomycin is also effective in heifers within 24 hours of infection; 
lg. of this antibiotic is considered a suitable dose when applied to the genital tract, 
although in infected females, treatment should be undertaken for three days or twice 
at an interval of 48 hours. Treatment of infected bulls appears to be less certain in 
its effect; although V. foetus may not be demonstrable for long periods it is not always 
certain that permanent cure has been effected. 

The control of Vibrio infection in cattle in Denmark consists of the cleansing of 
bull centres of infection and thereafter to determine their continued freedom from 
infection. Semen for artificial insemination should be treated with streptomycin and 
“a cattle -_— in which the disease is detected the animals returning to service should 

e treated. 
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